Met hods and Uses Relating to Fuel Conpositions The present invention
relates to fuel conpositions and to nethods and uses relating thereto. In
parti cul avotzhm/i9mezeént i on rel ates to additives for dieselpCricB20mmFpa2gi ti ons
and the use of such additives in cleaning engines. Due to consuner denand
and | egislation, diesel engines have in Lecent years becone nmuch nore
energy efficient, show inproved perfornmance and have reduced em ssions.
These |nprovenents in perfornance and enissions have been brought about by
i mprovenents in the conb¥etiedsang UsesRelating to Fuel Compogiltions o 4t oni sat i on
necessary for this inproved conbustion, fuel injection equipnent has been
devel oped r ctor
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t he wor kst hadditvds In eenid@e®yies. t he fuel al so increases the tenperature of
the fuel. These high pressures and tenperatures can cause degradation of
the fuel. Diesel engines having high pressure fuel systens can include but
are not | i nmPueth tostreaipmend gnddp@gelionedigichewinen dagnialrécent ysasdenges muelr type
di esel engi ARR enbRP E¥icidMt hodiifsBledtREMRACLCHRA HalkC lcH R d RliskiopoWer f ul engi nes
such as the MIU series 4000 di esel having 20 cylinder variants with power
out put up to 4300 kWor engines such as the Renault dXi 7 having 6
cylindetg aitesa powevenguspin @rfoumadce 40k\\emAsibypiteas pssbrgelt about dbesel
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or |less dependlng he variant. In all of the diesel engines relatlng to
this invent IgHove %WHﬂﬁnf Buet iigstion eau'wr@m *pﬂse%%ear%e%@?d ich ¢ises Righetal |y
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hi gh- pr essumrgeseUigh prdisdreSaaRbheSatules tah dd0se dddldalion st aleifgyn val ves through a
common rail; and the unit injection systemwhich integrates the

hi gh- pressure punp and fuel injection valve in one assenbly, achieving the
hi ghest posB®ies¢lengines having high pressure fuel systems can include but are not limited to heavy duty

diesel engines and smaller passenger car type diesel engines. Heavy duty diesel engines can
20 include very powerful engines such as the MTU series 4000 diesel having 20 cylinder variants
with power output up to 4300 kW or engines such as the Renault dXi 7 having 6 cylinders and
a power output around 240kW. A typical passenger car diesel engine is the Peugeot DW10

having 4 cylinders and a power output of 100 kW or less depending on the variant.

25 In all of the diesel engines relating to this invention, a common feature is a high pressure fuel
system. Typically pressures in excess of 1350 bar (1.35 x 10° Pa) are used but often

pressures of up to 2000 bar (2 x 10° Pa) or more may exist.

Two non-limiting examples of such high pressure fuel systems are: the common rail injection
30 system, in which the fuel is compressed utilizing a high-pressure pump that supplies it to the
fuel injection valves through a common rail; and the unit injection system which integrates the
high-pressure pump and fuel injection valve in one assembly, achieving the highest possible
injection pressures exceeding 2000 bar (2 x 10° Pa). In both systems, in pressurizing the fuel,
the fuel gets hot, often to temperatures around 100°C, or above.
35
In common rail systems, the fuel is stored at high pressure in the central accumulator rail or
separate accumulators prior to being delivered to the injectors. Often, some of the heated fuel

is returned to the low pressure side of the fuel system or returned to the fuel tank. In unit



i njection pressures exceedi ng 2000 bar (2 x 108 Pa). In both systens, in
pressurizing the fuel, the fuel gets hot, often to tenperatures around
1000C, orwabkow97d2a conmon rail systens, the fuel is st@ecedBRO10M50322
pressure in the central accunulator rail or separate accumulators prior to
being delivered to the injectors. Oten,_ sone of the heated fuel is
returned to the |l ow pressure side of the"fuel systemor returned to the
fuel tank. In unitinjection systenms the fuel is conpressed within the
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20  systems may cause increased fuel degradation.

The problem of injector fouling may occur when using any type of diesel fuels. However, some
fuels may be particularly prone to cause fouling or fouling may occur more quickly when these
fuels are used. For example, fuels containing biodiesel have been found to produce injector
25  fouling more readily. Diesel fuels containing metallic species may also lead to increased
deposits. Metallic species may be deliberately added to a fuel in additive compositions or may
be present as contaminant species. Contamination occurs if metallic species from fuel
distribution systems, vehicle distribution systems, vehicle fuel systems, other metallic

components and lubricating oils become dissolved or dispersed in fuel.

30
Transition metals in particular cause increased deposits, especially copper and zinc species.
These may be typically present at levels from a few ppb (parts per billion) up to 50 ppm, but it
is believed that levels likely to cause problems are from 0.1 to 50 ppm, for example 0.1 to 10
ppm.

35

When injectors become blocked or partially blocked, the delivery of fuel is less efficient and
there is poor mixing of the fuel with the air. Over time this leads to a loss in power of the

engine, increased exhaust emissions and poor fuel economy.



be present as contam nant species. Contam nation occurs if metallic species
fromfuel distribution systens, vehicle distribution systens, vehicle fuel
syst ens, woOhero/ayed2al | i c conponents and | ubricating oil sPogaBeIdissRe] ved or
di spersed in fuel. Transition metals in particular cause increased
deposits, especially copper and zinc spegies. These may be typically
present at levels froma few ppb (parts %er billion) up to 50 ppm but it
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whi ch have fornmed on the injectors. The present inventors have now found a
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“C ean-up” of a fouled engine may provide significant advantages. For
exanpl e superior clean up may lead to an increase in power and/or an
i ncrease in¢ ctlemtupeommryd ergeatkii drovirte stgelfribambd\@htadeqoozbir eanfplecauparior elagn ne,
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there is presb@etedorMRlifa@@n& or &Ry ad isdRREShily Shus reiciag haR&dbhndsnrgstsie, the
met hod conprising conbusting in the engine a diesel fuel conposition
conprising an engine cleaning additive, wherein the engine cleaning
addi ti ve i sAe¢peding lecutist aspeet alhenpresent ingentipm iefseis wervisled a method of removing
deposits from a diesel engine, the method comprising combusting in the engine a diesel fuel
20  composition comprising an engine cleaning additive, wherein the engine cleaning additive is
the product of a Mannich reaction between:
(a) an aldehyde;
(b)  ammonia, hydrazine or an amine; and
(c) an optionally substituted phenol;
25  wherein the or each substituent of the phenol component (c) has an average molecular weight

of less than 400.

Any aldehyde may be used as aldehyde component (a). Preferably the aldehyde component
(a) is an aliphatic aldehyde. Preferably the aldehyde has 1 to 10 carbon atoms, preferably 1 to
30 6 carbon atoms, more preferably 1 to 3 carbon atoms. Most preferably the aldehyde is

formaldehyde.

Component (b) may be selected from ammonia, hydrazine or an amine. It may be a
monoamine, for example an optionally substituted alkyl amine. Preferred amines include C1 to

35  C4 primary amines, for example methylamine, and secondary amines.

In preferred embodiments component (b) comprises a polyamine, that is a compound including

two or more amine groups.



(a) an al dehyde; (b) ammoni a, hydrazine or an am ne; and (c) an optionally
substituted phenol; wherein the or each substituent of the phenol conponent
(c) has amoavwvm@ge4nol ecul ar wei ght of |ess than 400. ArgTaiBtetwdeseay be
used as al dehyde conponent (a). Preferably the al dehyde conponent (a) is an
al i phati c al dehyde. Preferably the al dehyde has 1 to 10 carbon atons,
preferably 1 to 6 carbon atons, nore preferably 1 to 3 carbon atons. Most

preferably the aldehyde i S fornaldehyde Conmponent (b) may be sel ected from
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Preferably the polyanmi ne is a polyal kyl ene polyanm ne. Preferably the

pol yam ne is a pol yal kyl ene polyam ne in which the al kyl ene conponent has 1
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preferably bhedp yamdtegbsaBmpol yet hyl ene pol yam ne. Preferably the
pol yam ne has 2 to 15 nitrogen atons, preferably 2 to 10 nitrogen atons,

nore preferably 2 to 8 nitrogen atons. In especially preferred enbodlnents,
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an opt| onal |y substituted alk f Iy
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Manni ch r easeitstomeppr oducts used as the engi ne cleaning additive in the
met hod of the present invention preferably include an optionally
15  Thus the polyamine reactants used to make the Mannich reaction products used as the engine
cleaning additive in the method of the present invention preferably include an optionally

substituted ethylene diamine residue.

Preferably at least one of R' and R is hydrogen. Preferably both of R' and R® are hydrogen.
20
Preferably at least two of R', R*, R® and R°® are hydrogen.

Preferably at least one of R® and R* is hydrogen. In some preferred embodiments each of R®
and R*is hydrogen. In some embodiments R’ is hydrogen and R*is alkyl, for example C, to

25 G4 alkyl, especially methyl.

Preferably at least one of R® and R® is an optionally substituted alkyl, alkenyl, alkynyl, aryl,
alkylaryl or arylalkyl substituent.

30 In embodiments in which at least one of R1, Rz, R3, R4, R® and R® is not hydrogen, each is
independently selected from an optionally substituted alkyl, alkenyl, alkynyl, aryl, alkylaryl or
arylalkyl moiety. Preferably each is independently selected from hydrogen and an optionally
substituted C(1-6) alkyl moiety.

35 In particularly preferred compounds each of R1, Rz, R3, R* and R’ is hydrogen and R® is an
optionally substituted alkyl, alkenyl, alkynyl, aryl, alkylaryl or arylalkyl substituent. Preferably
R® is an optionally substituted C(1-6) alkyl moiety.



substituted ethyl ene diam ne residue. Preferably at |east one of Rl and R2
is hydrogen. Preferably both of Rl and R2 are hydrogen. Preferably at | east
two of RIWORB10/®362and R6 are hydrogen. Preferably at | e&st/GBre10050R23 and R4
is hydrogen. In sone preferred enbodi nents each of R3 and R4 is hydrogen.
In sonme enbodi ments R3 is hydrogen and R4 is alkyl, for exanple Cl1 to C4

al kyl, especially nethyl. Preferably at Teast one of R5 and R6 is an

optlonally substituted al kyl, al keny al kynyl, aryl, al kylary
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preferably the polyamine comprises tetraethylenepentamine or especially ethylenediamine.

Commercially available sources of polyamines typically contain mixtures of isomers and/or
20 oligomers, and products prepared from these commercially available mixtures fall within the

scope of the present invention.

The polyamines used to form the engine cleaning additive of the present invention may be
straight chained or branched and may include cyclic structures.

25
Optionally substituted phenol component (c) may be substituted with 0 to 4 groups on the
aromatic ring (in addition to the phenol OH). For example it may be a tri- or di-substituted
phenol. Most preferably component (c) is a mono-substituted phenol. Substitution may be at
the ortho, and/or meta, and/or para position(s).

30
Each phenol moiety may be ortho, meta or para substituted with the aldehyde/amine residue.
Compounds in which the aldehyde residue is ortho or para substituted are most commonly
formed. Mixtures of compounds may result. In preferred embodiments the starting phenol is
para substituted and thus the ortho substituted product results.

35
The phenol may be substituted with any common group, for example one or more of an alkyl
group, an alkenyl group, an alkynl group, a nitryl group, a carboxylic acid, an ester, an ether,

an alkoxy group, a halo group, a further hydroxyl group, a mercapto group, an alkyl mercapto



preferably the polyam ne conprises tetraethyl enepentam ne or especially
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i nvention. The polyam nes used to formthe engine cleaning additive of the
present invention may be straight chained or branched and may include
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al kyl nee caphogkddmin raavladllnwr%mapﬁ@ﬂy group, a sul phoxy group, an aryl
group, an arylal kyl group, a substituted or unsubstituted am ne group or a
nitro group. Preferably the phenol carries one or nore optiona
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20  Preferably the or each alkyl substituent of component (c) has from 4 to 20 carbons atoms,

preferably 6 to 18, more preferably 8 to 16, especially 10 to 14 carbon atoms. In a particularly

preferred embodiment, component (c) is a phenol having a C12 alkyl substituent.

In some embodiments, component (c) may include a C1 to C4 alkyl substituent, for example a
25  methyl substituent. Thus component (c) may be derived from a methyl phenol component (i.e.
cresol). In such embodiments ortho-cresol derived compounds are preferred. Component (c)
may comprise cresol itself, for example ortho-cresol or it may be further substituted. Suitable
compounds include para-substituted ortho-cresol compounds, for example para-dodecyl ortho-

methyl phenol.

30
In preferred embodiments, the or each substituent of phenol component (c) has a molecular
weight of less than 350, preferably less than 300, more preferably less than 250 and most
preferably less than 200. The or each substituent of phenol component (c) may suitably have
a molecular weight of from 100 to 250, for example 150 to 200.

35

Molecules of component (c) preferably have a molecular weight on average of less than 1800,
preferably less than 800, preferably less than 500, more preferably less than 450, preferably
less than 400, preferably less than 350, more preferably less than 325, preferably less than
300 and most preferably less than 275.



phenol . Preferably conponent (c) conprises an al kyl substituted phenol in
whi ch the phenol carries one or nore al kyl chains having a total of |ess 28
carbon atwompiopwed2er ably | ess than 24 carbon atons, nor @Cpraferealsh3z2] ess
than 20 carbon atons, preferably |less than 18 carbon atons, preferably |ess
than 16 carbon atons and nost preferably,less than 14 carbon atons.
Preferably the or each al kyl substituent of conponent (c) has from4 to 20
carbons atons, preferably 6 to 18, nore preferably 8 to 16, especially 10
to 14 carbon atons. In a particularly preferred enbodi nent, conponent (c)

i s a phenol Abavtalegl @bola Zombdtight Guinay be seladted fram saomenientyacizime ahs an @mieonent

(c) may i nclm é’ieg’b&d rthntg‘lth%l lﬁéﬁhe %}égﬁﬁ%ta&ﬂme offtﬂe &@lehﬁeniﬂ r{rﬁﬁag t{e an

substi tuent. us conponerit erived from a met
conponent (Pweﬁweqeeeymemww”eeww enbodlnents ort ho-cresol derlved conpounds
are preferred. Cbnponent (c) nay conprise cresol itself, for exanple

ortho-creso stituted. Sui c ounds |nc ude
par a- subst | ,I[chl% ehl‘led %rgon WI|| a;?premate %hal? oI n*enc sgemes fglcalp |n8(r}P mllxtu

or t homet hyl meleewed of yanyipg elfaeT }eegih @'ﬁUMIeﬁTﬁﬁQ@d qnh@/efﬁge@éé'h |%ﬂ§lﬁ'5t Ptm@ﬁ'y of
phenol CO”DWH&FEhe(&me%aﬁn%@H@Wé' G IthMVBrie SktH: |rﬁ}fantioﬁ3§ atﬂaﬁﬁleﬁégn arpf)l%t)ﬁﬂéﬂ(pl y

| ess than 300, . no refer S th 250 o]| | ess. t han
b00. Tha or SeEseh & feBEs deare L iEncl Cosas A bRy LD f By ek o
nol ecul a0 wenitghmorefprefferatty fr@0 1ta1@BPeat figits. exanpl e 150 to 200. Mol ecul es of

conponent (c) preferably have a nol ecul ar wei ght on average of less than
1800, preferably | ess than 800, preferably | ess than 50 nor e Preferably

| ess than 4BE" er%?'%?“éreaﬁ'f‘?/ cleaning gqqilive herpa ”b’P'%*?fé‘?’%rBQ%/mP'e%artW‘?éﬂﬁ“ 9585s thajt
preferably hexs, jréfarab@2ss tHan @6@&Y, afefeyatlydess thdnea00@ Gkbrapdferabtlegatiemeananl y | ess
than 275. As detailed above, component (b) may be sel ected from anmoni a,
hydrazi ne and an am ne. In sonme enbodi ments, the engine cl eaning additive
of the preséHtablyilreptmRsh ah%(%%@"'&%"%IWe@Bhﬁrth%e’&'”epﬁﬂayﬁé @P@“V@dﬂﬁ@ﬂ rd0 torhe

ski |l ed per 2000, phefetabfiRiesnoad esdohmabre padforamy frém spEei16860.t ypi cal |y include a
m xture of nolecules of varying chain length distributed around an average

chain length. Preferably
Preferably the engine cleaning additive has a molecular weight of less than 900, more

preferably less than 850 and most preferably less than 800.
20
Components (a), (b) and (c) may each comprise a mixture of compounds and/or a mixture of

isomers.

The engine cleaning additive of the present invention is preferably the reaction product
25  obtained by reacting components (a), (b) and (c) in a molar ratio of from 10:1:10 to 0.1:1:0.1,
preferably from 5:1:5 to 0.1:1:0.1, more preferably from 3:1:3 to 0.5:1:0.5.

In some embodiments in which component (b) is ammonia and the engine cleaning additive is
a polymer, the ratio of components (a):(b):(c) used to prepare the additive is approximately
30 211,

In preferred embodiments, to form the engine cleaning additive of the present invention
components (a) and (b) are preferably reacted in a molar ratio of from 4:1 to 1:1, suitably from
3:1 to 1:1 (aldehyde:ammonia/hydrazine/amine), preferably from 2:1 to 1:1.

35
To form a preferred engine cleaning additive of the present invention the molar ratio of
component (a) to component (c) in the reaction mixture is preferably at least 0.75:1, preferably

from 0.75:1 to 4:1, preferably 1:1 to 4:1, more preferably from 1:1 to 2:1. There may be an



when the engi ne cleaning additive of the present invention is a polyneric
or an oligoneric species, it includes an average of from1l to 50 repeat
units, preberaldye2irom 1 to 20 repeat units, nore preferablgB2hroansod2t o 10
repeat units. Preferably the engine cleaning additive has a nunber average
nol ecul ar wei ght of |ess than 10000, preferably |ess than 7500, preferably
| ess than 2000, nore preferably |ess than 1500. Suitably the nunber average
nol ecul ar wei ght of the engine cleaning additive is from 300 to 2000,
preferably F¥GRt @E@@ef‘@elﬁ‘d’(ﬁeferﬁ%?reé“bﬁpﬁﬁérsé'ﬁﬂ polpr 18R FEEmPRIeTEOblo CPMRPE A y

t he engi ne @) aapprogmatidi 11, e ekasplafrenb 8ciud as: vee frginto.of tol1e2ss1. t han 900, nore
preferably |l ess than 850 and nost preferably | ess than 800. Conponents (a),
(b) and (c)_may each conprise a mxture of compounds and/or a m xture_ of

i somers. Théodegl AePrefPieath PRe easleRninoyaddgive toh éhep presenth tinvieRliRenihe gpelgrsratio of

pr gf ((ar ;;1b_$ y t:dsrﬁpdnemqt:)r t0 RoApSHEHIC(b) mbhardaa%nbmxtmeaeéd t’dgaré&iﬁ@méeéhbr?e Q‘,Qﬁrl;lnd ]E))

an c) in era rom
5-1'5 to 0. Td V6 Iﬁ. sur‘?tbll at Ieaséf@irqa]bfor e>famdale gt % % {3 :I'd)r§t 1ea’sb9§el n¥
embodi ment s eihodihenthit cﬂevrpe ﬁb‘ﬁ@St (15)1, p@feaahlmhl@stahw t'here @rafgrakdy aff leeah1 ﬁg

addi tive i steRPANRNoast 181 fRbi I@as@f’l 9QOI‘1"H@H1%I&F fatid aboo(n%ne(nﬁbc) s8R pbienPBEPar e
the additive i gg)rﬁumatel%/i é FZPLe er g%ﬁ%th'”ﬁ ‘ %formthe
engi ne cl eafif }‘.5 d VR CEIMIRE MY B EREC 4 hos o 6hé fS”p(8§’ 2R b)
are preferall3i,nedxr2.bd, uptod 3rfodraptaatnio of from4:1 to 1:1 , suitably from

3:1 to 1:1 (al dehyde: anmoni a/ hydrazi ne/ anm ne), preferably from2:1 to 1:1.
To forma preferred engi ne cl eanl ng additive of the present inventiogn the

mol ar rati o587 PEHHIEASATPEUS {25 “é%r?p%ﬁérﬁse’(‘é’)"ei‘tf?”t%% Pt PERd (Y XE]FIRE | s
pref erably atmpapasts (), (Bant! (¢) ipa ebtar edid yf I potn(4).ta’ b pdrt (bd + 4:2Tpartp(dftecabityy 1: 1

to 4:1, rmr bgf %Ftﬁgcl%%rgféﬁm%%q]mﬁr{?at& }12T$e5e may be anexcess of al dehyde.
ra

I n preferre ts t 0 O onent (a) to conmponent (c)
i's appr6Xi rrately 1:1, for exanple from0.8:1to 1.5:1 or from0.9:1 to
1.25:1 . Toid @rrm quaéméoereﬁﬂsddraegb NBe Céraei Bgardttdliddbivne @ féried phye Sedtting

nvent  on ¢ DSRIREAL 36 94191 SOEPANE B L6Y o] @ 1GORENES obb)o] @ 6 G201 1 07

m xture useaT e engl ne C
0.2 parts (c) preferably approxrmately 1:1: 1 (a b c)

20 In other preferred embodiments the engine cleaning additive is formed by reacting
components (a), (b) and (c) in a molar ratio of 2 parts (a) to 1 part (b) + 0.2 parts (b) to 1.5
parts (c) + 0.2 parts (c); preferably approximately 2:1:1.5 (a:b:c).

The skilled person would appreciate that the Mannich reaction products of the engine cleaning
25 additive of the present invention are complex mixtures of products resulting from the reaction

of different ratios of components (a), (b) and (c). Mixtures of isomers may also be present.

The engine cleaning additives of the present invention may comprise compounds having a

variety of structures. For example it may include compounds defined by the general formula I

30
OH
Q' Q?
\ /E
L
/ o
Q). 7 Q’ Q*

where E represents a hydrogen atom or a group of formula



additive is suitably at least 1.2:1, for exanple at least 1.3:1 or at |east
1.4:1 . In sone enbodinents it my be at least 1.5:1 , preferably at | east
1.6:1, nowe 2proaedably at least 1.7:1, for exanple at | @a3iGB20B/0503220r at
least 1.9:1 . The nolar ratio of conponent (c) to conponent (b) may be up
to 5:1; for exanple it may be up to 4:1,_ or up to 3.5:1. Suitably it is up
to 3.25:1, up to 3:1, upto 2.5:1, up t% 2.3:1 or up to 2.1:1. Sone
preferred conpounds for use in the present invention are typically forned
by reacting conponents (a), (b) and (c) in nolar ratio of 2 parts (a) to
1 part (b) 0.2 parts (b), to 2 partgy(c) [0.4 parts (c); preferably
approximately 2:1 :2 (a : b : c). In pther preferred enbodi nents the engi ne
cleaning additive is formed by reactipg nts (a), (b), (c) in a nolar
ratio of 1 part (a) to 1 part (b) +0. b) to 1 part (c) + 0.2 parts
(c); preferably approximately 1:171 (a: I'n other preferred enbodi nents
the engine cleaning additive is forned i ng conponents (a), (b) and
(c) inanolar ratio of 2 parts (a) to 1 paf ﬁéb) + 0.2 parts (b) to 1.5
parts (c) + 0.2 parts (c); preferably approxinately 2:1:1 .5 (a:b:c). The
skilled person would appreciate that the Mannich reaction products of the

engi ne cl eafiopg iRAEL EdnNRuRds FREmRRAEENT i nvention are conpl ex m xtures of
products resulfing fromthe_reaction of different ratios of conponents (a),

(b) and (c). Mxtures of i rs may al so be present. e engi ne cl eaning
additives of the present invention' may cafpri seconpoynds having a variety
of structures. For exanple may|incl ude¢ gonpoynds i ned by the general
formula Il where E repr roge tlom or f formulalt may

i ncl ude conpounds of fo

ormula V It may
i ncl ude conpounds of foflnula Vi| Vit Nhay |%;I
e

of fornmula
(VI1): VIl In structures
sel ected from an optio&)
t he al dehyde conponent}

Iy

substi tjutadd al Ky@* gr oup, s a residue from
dmis from

to 6 ,1nis fromo tg | p

5
1
It may include compounds of formula V
OH Q' Q' OH
\ N \
L
/ Q = <
10 @ "N,
\
It may include compounds of formula VI
OH
Q’I
X
N m ["NH,
A P : P
15 (Q)n

\



is fromO to 12, @ is selected from hydrogen and an optionally substituted
al kyl group, @B is selected from hydrogen and an optionally substituted

al kyl growp,20emd76¢4 i s sel ected from hydrogen, NH2 and &oTagm20omEbi2g
substituted al kyl group; for exanple an am no- substituted al kyl group. n
my be O, 1, 2, 3, or 4. Preferably @ is 1 or , nost preferably 1. m
is preferably 0, 2 or 3 but may be larger and the al kyl ene group may be
strai ght chai ned or branched. Myst preferably mis 2 . Qis preferably an
optionally substituted al kyl group having up to 30 carbons. Q may be
substituted wth hal o, hydroxy, am no, sul phoxy, nercapto, nitro, aryl

resi dues or oubl e bonds. Preferably Qis a sinple
al kyl group c gk@?%ﬁ%ﬁg§@§ﬁﬁﬁxHPE%wﬁ carbon and hydrogen atons and is
predonmi nantly saturated. Q preferably has 5 to 20, nore preferably 10 to 15

carbon atons. Mst preferabl yQ |4\<u al kyl chain of 12 carbon atons. QL
sel ected froman aryl, alkyl, or

may be any suitable group. It

al kynyl group optionally substitut/g,mnth hal o, hydroxy, nitro anino

sul phoxy, nercapto, alkyl, aryl or&alkemH . Preferably QL is hydrogen or an
optionally substituted al kyl group, for exanple an alkyl group having 1 to
4 carbon atons. Most preferably QL t~gyhydrogen. Preferably pis fromO to 7
, hore preferably fromO to 6 , nost |preferably fromO to 4 . Wen a group
Q@ is not hydrogen, it may be a straight chained or branpched al kyl group.
The al kyl group may be optionally subst|tuted. Such anpalkyl group may
typically include one or nore amno an r 0)% J ituents. When B
is not hydrogen, it may be a straight[ chained ¢r br3a al kyl group. The
al kyl group nmay be optionally substifluted. Such an
typically include one or nore am and/ or hydr oxyl
enbodi nents 4 may be a(§traight chai ned or branched
group may be optionally subs

i nclude one or nore am no §
enbodi nents, pis 0 and Q4
the residue of a pol yam ne,

pStituents. I n some
kyl group. The al kyl

ted. Such an al kyl group may typically
hydroxyl substituents. In sonme preferred
al nosubstituted al kyl group, for exanple
as defi ned hereln as

In structures Il to VIl above the/each Q is independently selected from an optionally substituted
alkyl group, Q' is a residue from the aldehyde component, mis from 0 to 6, nis from 0 to 4, p
10 is from 0 to 12, Q* is selected from hydrogen and an optionally substituted alkyl group, Q° is
selected from hydrogen and an optionally substituted alkyl group, and Q" is selected from
hydrogen, NH, and an optionally substituted alkyl group; for example an amino-substituted

alkyl group.
15 nmay be 0, 1, 2, 3, or 4. Preferably nis 1 or 2, most preferably 1.

m is preferably 0, 2 or 3 but may be larger and the alkylene group may be straight chained or

branched. Most preferably m is 2.

20  Q is preferably an optionally substituted alkyl group having up to 30 carbons. Q may be
substituted with halo, hydroxy, amino, sulphoxy, mercapto, nitro, aryl residues or may include
one or more double bonds. Preferably Q is a simple alkyl group consisting essentially of
carbon and hydrogen atoms and is predominantly saturated. Q preferably has 5 to 20, more
preferably 10 to 15 carbon atoms. Most preferably Q is an alkyl chain of 12 carbon atoms.

25
Q' may be any suitable group. It may be selected from an aryl, alkyl, or alkynyl group

optionally substituted with halo, hydroxy, nitro, amino, sulphoxy, mercapto, alkyl, aryl or



conponent (b). The skilled person would appreciate that the Mannich
reaction products of the engine cleaning additive of the present invention
are conplw animwue2es of products. In particular - the skcriGgtoparssza woul d
understand that m xtures of isoners of the above products nay be present.
In sone preferred enbodi nents the engine, cl eaning additive may incl ude
oligoners and polyners resulting fromthe reaction of components (a), (b)
and (c). These nax i ncl ude nol ecul es having the formul ae shown in figure
VITT VI wAkew nPifergsly QQ? hyqroggR ghe Bptké?f‘%'yégb%%% 7l groyBoive e@AtRleEn s
HomltolmmmmwmmﬂbﬁwmwmmﬂMmmmM®WMﬁw®mWirmnlto4
.According to a second aspect of the present invention there is provided a
di esel fuel conposition for use in the method of the first aspect.

Preferred fBEfRipRbsP §fromfdod e’@@fﬁ(ﬂ’re&%‘rﬁ@bf{ro%P@ @ snogetreiR@llyfmOdP 4t i on to the
first aspect. The englne cleanlng addltlve is preferably present in the

di esel fuel QmROos| t| nt ast r rabl Ieast
10 ppm nor \E/}\%pr efgro |s n hlyd %%n alaes e a s%ralrgﬁtec)%gmeq grpbn%ncﬁ oeaI? I g@ % ?h

| east 40 ppAkgrgrewp m%'am OQSIOHE}ﬂpmJbSF"NteSJorﬁe‘cleﬁb@ﬁwlrmW@mwpleaﬂgllnwd@Ioe%mr ng
addi tive i s RFEsaR arldbr BuregPdiBLiRitsat | east 100 ppm for exanple at |east
105 ppm at least 110 ppmor at |least 120 ppm The engi ne cleaning additive
may be present |n an anount of up to 20000 ppm for exanple up to 10000
ppm  sui ® abMhea®’tiv n@0QGOropgmit mpaveber abhightighained GOYBNghpdralkylgroupx affel akylip t o
5000 ppm SHFobﬁma)é/ btel‘b%tlcﬂ‘gg} SUb¥RUtBRY SB& & S8R Boup ﬁa?@p@%ﬂélu&er&\@ol%ré 0 800

ppm for exanple Suitably the additive may be present in an
anount  of fP@WP@UﬁmﬁydTﬁﬁﬁmﬁﬁH?”?or exanpl e 400 to 800 ppm Suitably the
additive may be present in an amount of from 500 to 2000 ppm for exanple
800 to 1500 1P embodiments Q* may be a straight chained or branched alkyl group. The alkyl group
15 may be optionally substituted. Such an alkyl group may typically include one or more amino
and/or hydroxyl substituents. In some preferred embodiments, p is 0 and Q" is an amino-
substituted alkyl group, for example the residue of a polyamine, as defined herein as

component (b).

20 The skilled person would appreciate that the Mannich reaction products of the engine cleaning
additive of the present invention are complex mixtures of products. In particular — the skilled

person would understand that mixtures of isomers of the above products may be present.

In some preferred embodiments the engine cleaning additive may include oligomers and
25  polymers resulting from the reaction of components (a), (b) and (c). These may include

molecules having the formulae shown in figure VI

OH OH
Q' Q? Q'

X }.\

H 1l N7
(Q)l/ 7 4 v\

VI

=z

30
wherein Q, Q', @*, n, m and p are as described above and x is from 1 to 12, for example from

1 to 8, more preferably from 1 to 4.



Suitably the additive may be present in an amobunt of from 1000 to 3000 ppm
for exanple 1500 to 2500 ppm Suitably the engi ne cleaning additive nay be
present iwoanikoypizat of from 150 to 700 ppm for exanpl ecrrGBw0dG0320 600
ppm Suitably the engine cleaning additive may be present in an anmount of
from 120 to 490 ppm for exanple from 12I to 475 ppm Suitably the engine
cl eaning additive may be present i n an afount of 520 to 980 ppm for

exanpl e from 550 to 950 ppmor from 600 to 900 ppm In sonme enbodi nents the
di esel fuel AEEHPI¥sIt ?o??ce%ﬁrnegteef f'\ﬁoprﬁre%?"ént&‘?gihﬁ@ €1 Rafdsdga ftiRpet fupbs of
t he type desatnpdsiidn foenss in thel mietatodt tresfiva dsprent Rrefetrbefeatipasof e Gesoan asdzoy e

refer to thgfsagtdg}meggprrémlon%”eelf}rst%bcelaﬁ_ additives present in the diesel fuel
y, tu

conposi tion state revi ousl el's contai ni ng biodiesel or netals are
known to cause fouling. Severe fuels, for exanple those containing high
| evel s of mh@b@.@rmuaarng B@ty el i€ pRfesatBf prbéetadh&ﬁeedrremmer@qrpbgimmhh ghamotinteat

rat es of the nai cearn ethan e | ess severe. The
ot me ol endt A0S oih G0ERGy BEELL 1 Bol APl STt BN L Bk 0 o SBPL SRPETS, |
may first b@a@tlfi@smhvetie@&h4Qpelmlouetdeast5@pp@xéll1§ﬂﬁee emppoginsntstthe ergiylevalaaning

Al ternati vebyditve |§T&¥se|aﬁin SHaRBIM 8flat Wasti 09 BV BFlesathpR o G5t 105 pai tht iAg 1gdded
to the di eseI fuelﬁsg% carrier will then formpart of the resultant fuel

conposi ti onPPBRFF! &PMfuel additives are known to those skilled in the
art andl®ncl ude for exanple pol yethers, polybutenes and m neral oils.

Preferred capd bgjik cflé%rrnrnFJ%@drh\}% r%lﬁbeoﬁr@é:e‘?rph dn@ﬁ%ﬁht’ &ij't@@bd@@%p&oroy@iat?ﬁﬁe
carriers, for exa et hoxyl ates and (?r opoxyl at es.

preferred e Hb BdiOREHPRM. tSH@1 juade POGOpem. E'@f?ﬁ??y‘tpt?)ﬁo 0P &Y WP&H‘%@S’TO%

additive coppni sing a quaternary anmoni um salt. These "quaternary anmoni um
salt additives"” corrpri se the reaction product of nitrogen containing
speci es havi ngﬁ | east one tertiary am ne grou and a quaterni zi agent .
Thus t h&S pr 84iE@kty tP?]@@I*FtVPWYr?ﬁW%SﬁPtt'&BF?mﬁ% ope108 telPs e, ffﬁfeffxa@é'ﬁﬁgg"% on
conpri sing soopemgi ne cleaning additive of the first aspect ("a Mannich
additive") and a quaternary ammoni um

Suitably the additive may be present in an amount of from 300 to 1000 ppm, for example 400

to 800 ppm.

20
Suitably the additive may be present in an amount of from 500 to 2000 ppm, for example 800

to 1500 ppm.

Suitably the additive may be present in an amount of from 1000 to 3000 ppm, for example
25 1500 to 2500 ppm.

Suitably the engine cleaning additive may be present in an amount of from 150 to 700 ppm, for

example from 180 to 600 ppm.

30  Suitably the engine cleaning additive may be present in an amount of from 120 to 490 ppm, for

example from 125 to 475 ppm.

Suitably the engine cleaning additive may be present in an amount of 520 to 980 ppm, for
example from 550 to 950 ppm or from 600 to 900 ppm.

35
In some embodiments the diesel fuel composition comprises two or more engine cleaning
additives of the type described herein. In such embodiments, the amounts given above refer

to the total amount of all such additives present in the diesel fuel composition.



salt additive. The nitrogen containing species having at |east one tertiary
am ne group used to nake quaternary ammoni um salt additive nmay be sel ected
from (i)woheiwmwaeti on product of a hydrocarbyl - subst it BCe@dBR0W/EOI2Ag agent
and a conpound conprising at |east one tertiary amne group and a primary
am ne, secondary amine or al cohol group; 3(| i) a mannich reaction product
conprising a tertiary amne group; and (| ii) a polyal kyl ene substituted

am ne having at |east one tertiary am ne group. Exanples of quaternary
amoni um saft si4keg Hﬁ%’f%é‘éﬂsf“?'%PO’}ﬁ"é?ﬂaP'Pq@e{ Wé“"é%!ﬁéreaf?“éwﬂé’sﬁu%@bl“’]gnS?‘f?ée

fol | ow ng patednfos exantple those entarirglblyigh lecas planethle dndyyr igh leved oiehiodiiSel may

4, 253, 980, 6, and US
5. 254, 138, COREAARE [ e it PhberBathoa e Maludt i leti i d?
hydrocar byl - substituted acylatlng agent and a conpound haV|ng an oxygen or
ni t rogens at one eAgadtigariiy mnd@m&yn@ Added t aledudiCil et B@itRrg@Rtt radribtusd her
B N s A
preferably dissaimed-ima cwewﬁrtmadde@ toakbe diegej fual. clhetcarrier wme\mafor@npart ¢félneeof )
for exanpl eregm%bgggucb%@ﬁ,oﬁucm nic, phthalic or propionic acid. The

hydr ocar byl substituent in such acyl ating agents preferably conprises at

| east 8 , nore preferably at |east 12, for exanple 30 or 50 carbon atons.

It may tonpLesiersufpr fus! amitiytesmkma\mbt@nthaseoﬂis'lledpnelheelaatdny indhelehfpd excmeridy |

substi t uent p&{zetﬁé?@ dﬁ%utéﬁels B ?Qﬁé?él digs PPefé?:‘éHQ@nrneé‘f@rf @Q6n IR sedshahvepgbaht

(M) of between , exanpl e 250 to 1500, preferably from
500 to 1500M&HEe Wé"eb?aéf'%? £<H|e§fafs%alt<>6 ei‘?@ﬂﬁtesﬁﬂ‘dlﬁ‘fy'ﬂop?@da t 1300 is
especially preferred, for exanple from 700 to 1000. Illustrative of

hydrocar byl |n$%l9@é Eﬁeré‘?r@& B%g&%eﬂé QHeD‘éleQé?%eﬁ“cBan&lt%h fhrﬁ%?%orﬁ‘:r%gé aﬁae[dl}ﬂ\’/‘e at ons

are n-octyl tetrapropen dec
chl oroc%%ldeé?mp”st”ﬁl‘? @Bﬁt&@ﬁry’l am’@?@“’“'ﬁ@& h%ﬁsécaﬁ*%‘ifﬂarbm%@bﬁﬂ taaé'ﬁ‘teé may

be made fr 0BdHRIRD theQBactitd ErogRt yFMRIGel e nthinikpetiydRivig at 089 0hy BRAE)anfihe NMONO-

and di - ol ef igr%ﬁp havi Ql%tezmi%iﬁ’g éLgOenEar bon atons, for exanple

Thus the present invention may suitably provide a diesel fuel composition comprising an
20  engine cleaning additive of the first aspect (“a Mannich additive”) and a quaternary ammonium

salt additive.

The nitrogen containing species having at least one tertiary amine group used to make
quaternary ammonium salt additive may be selected from:
25
(i) the reaction product of a hydrocarbyl-substituted acylating agent and a compound
comprising at least one tertiary amine group and a primary amine, secondary amine or

alcohol group;
30 (i) a mannich reaction product comprising a tertiary amine group; and
(i)  a polyalkylene substituted amine having at least one tertiary amine group.
Examples of quaternary ammonium salt and methods for preparing the same are described in

35 the following patents, which are hereby incorporated by reference, US 4,253,980, US
3,778,371, US 4,171,959, US 4,326,973, US 4,338,206, and US 5,254,138.



et hyl ene, propyl ene, butane-1, isobutene, butadiene, isoprene, 1-hexene,
1l-octene, etc. Preferably these ol efins are 1-nonool efins. The hydrocar byl
substi t uewo 208m092d280 be derived from the hal ogenat ed (ePgT/GHIbovismeeed or
brom nat ed) anal ogs of such hono- or interpolyners. Alternatively the
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Preferably these olefins are 1-monoolefins. The hydrocarbyl substituent may also be derived
from the halogenated (e.g. chlorinated or brominated) analogs of such homo- or interpolymers.
Alternatively the substituent may be made from other sources, for example monomeric high
molecular weight alkenes (e.g. 1-tetra-contene) and chlorinated analogs and hydrochlorinated
25 analogs thereof, aliphatic petroleum fractions, for example paraffin waxes and cracked and
chlorinated analogs and hydrochlorinated analogs thereof, white oils, synthetic alkenes for
example produced by the Ziegler-Natta process (e.g. poly(ethylene) greases) and other
sources known to those skilled in the art. Any unsaturation in the substituent may if desired be
reduced or eliminated by hydrogenation according to procedures known in the art.
30
The term “hydrocarbyl” as used herein denotes a group having a carbon atom directly attached
to the remainder of the molecule and having a predominantly aliphatic hydrocarbon character.
Suitable hydrocarbyl based groups may contain non-hydrocarbon moieties. For example they
may contain up to one non-hydrocarbyl group for every ten carbon atoms provided this non-
35 hydrocarbyl group does not significantly alter the predominantly hydrocarbon character of the
group. Those skilled in the art will be aware of such groups, which include for example
hydroxyl, halo (especially chloro and fluoro), alkoxyl, alkyl mercapto, alkyl sulphoxy, etc.
Preferred hydrocarbyl based substituents are purely aliphatic hydrocarbon in character and do

not contain such groups.
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mal ei ¢ anhydri de (see for exanple US-A-3,361,673 and US-A-3,0 18, 250), and
react i ng wohaloogesrat ed, in particular a chlorinated, polpgiraza2otodses2gPl B)
with mal eic anhydride (see for exanple US-A- 3,172,892). Aternatively, the
pol yi sobut enyl succinic anhydride can be prepared by m xing the polyolefin
with mal ei ¢ anhydri de and passi ng chl oriRe through the m xture (see for
exanpl e GB- A-949,981). Conventional polyisobutenes and so-called

"hi ghly-reactive" polyi sobutenes are suitable for use in the invention.

H ghly reactThe éyqrodaytysbdsat! esnbstituentst dre Spreferablg Xipredanenahey isaidchteaiS that is, they

pol yi sobut e@(ﬁﬁamgﬁ. %hgrli BrL@(%aiﬁonﬁQ%& ]pé?r{ ﬁrtsgfu?a%ﬁybo}jrg%r%(/e énecartgjn -t Q&r on

termnal olefinic are o e vin ene e as described in
EP0565285. Pag'e Perfsarespntorasé pietssrblyothey S8k 'ééh@@reé'ﬂ%‘ Qﬂ?é@@ohﬂ?&}ﬁ@)”d@ﬁe t han
80 nol % and atdphati©unkBdPhteaf boh@folbvay 50/¢aydniteledBordiontPsresaneh as t hose
described in EP1 344785. Ot her preferred hydrocarbyl groups include those
having an internal olefin for exanple as described in the applicant's

publ i shed abpwrmapie&ﬁfemtﬂﬁ@mﬁotk@ hygypcarnyldpsed| subbtéfants are redyelisobidensin

means any 0l(IQMnnlnCtﬁé‘ta"t%lI ml'lﬁlQ; |ﬁr&g@dﬂ”?ad?éférYedaerHSUETrﬁén%hﬁe%@c@rb@%ﬂstltﬁt&ﬁt I'S
a beta or (gl I %J? EgtiLifJ;nnerlals are substantially
conpletely B { 'n%?g%’ 'éﬁ@PVS? SN SUPSIEeCSYSHIE BYVAEAI ni ng | ess than 10% by
wei ght abpha olefin, nore preferably | ess than 5% by weight or |ess than 2%

by wei ght. :FM@F@%rafldﬁtcﬁrpB@‘somt&fyF Qr%sthtﬂgc! H&%ml@%ﬂﬁ?ﬁesl@lﬁég |§M§dulm%t;?tIe§ |rf rom

Shell. Interna |l efins are soneti nes isoneri sed ol efins and can
be prepar ederdsim 28RS PEICETSER ke H‘efﬂ‘%'% é%3§t"29r PIMSORUPTES W ITNIRRIRIA GARYATIFE t he
art, or are(savdbl akdngld USAA-B,B6E673S ottt CSsA-3,0i8e250q candt teatting ha \halgenasdds in known

as internal pglt &Jerlr QascﬂfloqfnlatggEioaﬁslaﬁﬁterjfeh(?m%)qﬂthwglelgeaﬁﬁﬁﬁ@é K)Jeg f R lpceA-

prepared by isoneri sat he nitrogen or en cohtalnlng
conpound$s céﬂé%ﬁ%?) of\tesraiuen é'?er'@'y\'/ﬁok)ﬁe’lyh%m@!ﬁ'? P&'ﬂy%ﬁ%f G&Qé’ﬁtpre&ﬁrﬁd PYPPIErthhavi ng

a tertiary asdiingtiUpaléiaanhydadeiae frsbing@icRometthlough the thniktOre (Bed\foliexamipny | -
am nopr opyl @_r? 164 gs%\é di et hyl - am nopropyl am ne, N, N-di met hyl - am no

et hyl am ne. "The™ ni )gen or oxygen contai ni ng conpounds capabl e of
condensing with the

Conventional polyisobutenes and so-called "highly-reactive" polyisobutenes are suitable for
20 use in the invention. Highly reactive polyisobutenes in this context are defined as
polyisobutenes wherein at least 50%, preferably 70% or more, of the terminal olefinic double
bonds are of the vinylidene type as described in EP0565285. Particularly preferred
polyisobutenes are those having more than 80 mol% and up to 100% of terminal vinylidene
groups such as those described in EP1344785.
25
Other preferred hydrocarbyl groups include those having an internal olefin for example as
described in the applicant’s published application W0O2007/015080.

An internal olefin as used herein means any olefin containing predominantly a non-alpha
30 double bond, that is a beta or higher olefin. Preferably such materials are substantially
completely beta or higher olefins, for example containing less than 10% by weight alpha olefin,
more preferably less than 5% by weight or less than 2% by weight. Typical internal olefins

include Neodene 1518I0 available from Shell.

35 Internal olefins are sometimes known as isomerised olefins and can be prepared from alpha
olefins by a process of isomerisation known in the art, or are available from other sources.
The fact that they are also known as internal olefins reflects that they do not necessarily have

to be prepared by isomerisation.
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20  containing species includes component (i) is described in WO 2006/135881.

Component (ii) is a Mannich reaction product having a tertiary amine. The preparation of
quaternary ammonium salts formed from nitrogen-containing species including component (ii)
is described in US 2008/0052985.

25
The Mannich reaction product having a tertiary amine group is prepared from the reaction of a

hydrocarbyl-substituted phenol, an aldehyde and an amine.

The hydrocarbyl substituent of the hydrocarbyl substituted phenol can have 6 to 400 carbon
30 atoms, suitably 30 to 180 carbon atoms, for example 10 or 40 to 110 carbon atoms. This
hydrocarbyl substituent can be derived from an olefin or a polyolefin. Useful olefins include

alpha-olefins, such as 1-decene, which are commercially available.

The polyolefins which can form the hydrocarbyl substituent casn be prepared by polymerizing

35  olefin monomers by well known polymerization methods and are also commercially available.

Some preferred polyolefins include polyisobutylenes having a number average molecular
weight of 400 to 3000, in another instance of 400 to 2500, and in a further instance of 400 or
500 to 1500.
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20  The preparation of quaternary ammonium salt additives in which the nitrogen-containing

species includes component (iii) is described for example in US 2008/0113890.

The polyalkene-substituted amines having at least one tertiary amino group of the present
invention may be derived from an olefin polymer and an amine, for example ammonia,

25 momoamines, polyamines or mixtures thereof. They may be prepared by a variety of methods
such as those described and referred to in US 2008/0113890.

Suitable preparation methods include, but are not limited to: reacting a halogenated olefin
polymer with an amine; reacting a hydroformylated olefin with a polyamine and hydrogenating
30  the reaction product; converting a polyalkene into the corresponding epoxide and converting
the epoxide into the polyalkene substituted amine by reductive animation; hydrogenation of a
B-aminonitrile; and hydroformylating an polybutene or polyisobutylene in the presence of a

catalyst, CO and H, at elevated pressure and temperatures.

35  The olefin monomers from which the olefin polymers are derived include polymerizable olefin
monomers characterised by the presence of one or more ethylenically unsaturated groups for

example ethylene, propylene, 1-butene, isobutene, 1-octene, 1,3-butadiene and isoprene.
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20  The monomers and polyamines suitably include at least one primary or secondary amine

group.

Suitable monoamines are generally substituted with a hydrocarbyl group having 1 to about 50
carbon atoms, preferably 1 to 30 carbon atoms. Saturated aliphatic hydrocarbon radicals are

25 particularly preferred.

Examples of suitable monoamines include methylamine, ethylamine, diethylamine, 2-
ethylhexylamine,  di-(2-ethylhexyl)amine, = n-butylamine, di-n-butylamine,  allylamine,
isobutylamine, cocoamine, stearylamine, laurylamine, methyllaurylamine and oleylamine.

30
Aromatic monoamines include those monoamines wherein a carbon atom of the aromatic ring
structure is attached directly to the amine nitrogen. Examples of aromatic monoamines

include aniline, di(para-methylphenyl)amine, naphthylamine, and N-(n-butyl)aniline.

35 Examples of aliphatic substituted, cycloaliphatic-substituted, and heterocyclic-substituted
aromatic monoamines include: para-dodecylaniline, cyclohexyl-substituted naphthylamine, and

thienyl-substituted aniline respectively.
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hydroxyethyl)ethylene dlamlne, 1-(2-hydroxyethyl) piperazine, monohydroxypropl-substituted

diethylene triamine, dihydroxypropyl-substituted tetraethylene pentamine, propyl and N-(3-
20 hydroxybutyl)tetramethylene diamine.

Suitable arylpolyamines are analogous to the aromatic monoamines mentioned above except
for the presence within their structure of another amino nitrogen. Some examples of
arylpolyamines include N,N’-di-n-butyl-para-phenylene  diamine  and bis-(para-

25  aminophenyl)methane.

Suitable heterocyclic mono- and polyamines will be known to the person skilled in the art.
Specific examples of such heterocyclic amines include N-aminopropylmorpholine, N-
aminoethylpiperazine, and N,N’-diaminoethylpiperazine. Hydroxy heterocyclic polyamines
30 may  also be used for example N-(2-hydroxyethyl)cyclohexylamine, 3-

hydroxycyclopentylamine, parahydroxy-aniline and N-hydroxyethlpiperazine.

Examples of polyalkene-substituted amines can include: poly(propylene)amine,
poly(butene)amine, N,N-dimethylpolyisobutyleneamine; N-polybutenemorpholine, N-

35  poly(butene)ethylenediamine, N-poly(propylene) trimethylenediamine, N-
poly(butene)diethylenetriamine, N’,N’-poly(butene)tetraethylenepentamine, and N,N-dimethyl-
N’poly(propylene)-1,3 propylenediamine.



Speci fic exanpl es of such heterocyclic am nes include
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mixtures thereof.

20

The quaternizing agent can include halides, such as chloride, iodide or bromide; hydroxides;

sulphonates; bisulphites, alkyl sulphates, such as dimethyl sulphate; sulphones; phosphates;

C1-12 alkylphosphates; di C1-12 alkylphosphates; borates; C1-12 alkylborates; nitrites;

nitrates; carbonates; bicarbonates; alkanoates; O,0-di C1-12 alkyldithiophosphates; or

25 mixtures thereof.

In one embodiment the quaternizing agent may be derived from dialkyl sulphates such as
dimethyl sulphate, N-oxides, sulphones such as propane and butane sulphone; alkyl, acyl or
aralkyl halides such as methyl and ethyl chloride, bromide or iodide or benzyl chloride, and a
30 hydrocarbyl (or alkyl) substituted carbonates. If the acyl halide is benzyl chloride, the aromatic
ring is optionally further substituted with alkyl or alkenyl groups. The hydrocarbyl (or alkyl)
groups of the hydrocarbyl substituted carbonates may contain 1 to 50, 1t0 20, 1to 10 or 1to 5
carbon atoms per group. In one embodiment the hydrocarbyl substituted carbonates contain
two hydrocarbyl groups that may be the same or different. Examples of suitable hydrocarbyl

35  substituted carbonates include dimethyl or diethyl carbonate.

In another embodiment the quaternizing agent can be a hydrocarbyl epoxide, as represented

by the following formula, in combination with an acid:



nitrates; carbonates; bicarbonates; alkanoates; O Odi Cl-12
al kyl di t hi ophosphates; or m xtures thereof. In one enbodi nent the
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substituted carbonates include dinmethyl or diethyl carbonate. In another
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In some embodiments the fuel composition further comprises one or more nitrogen-containing

detergents. Such nitrogen-containing detergents may be selected from any suitable nitrogen-

containing ashless detergent or dispersant known in the art for use in lubricant or fuel ail.
20  Suitably any nitrogen containing detergent present is not itself the product of a Mannich

reaction between:

(a) an aldehyde;

(b)  ammonia, hydrazine or an amine; and

(c) an optionally substituted phenol, in which the or each substituent of the phenol
25  component (c) has an average molecular weight of less than 400. Most preferably any

nitrogen containing detergent present is not itself the product of any Mannich reaction

between:

(a) an aldehyde;

(b)  a polyamine; and

30 (c) an optionally substituted phenol.

Preferred nitrogen-containing detergents are the reaction product of a carboxylic acid-derived

acylating agent and an amine.

35 A number of acylated, nitrogen-containing compounds having a hydrocarbyl substituent of at

least 8 carbon atoms and made by reacting a carboxylic acid acylating agent with an amino



reacti on between: (a) an al dehyde; (b) anmonia, hydrazine or an am ne; and
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15 example a su stituted succinic, phthallc or propionic acid and the amino compound may be a

polyamine or a mixture of polyamines, for example a mixture of ethylene polyamines.
Alternatively the amine may be a hydroxyalkyl-substituted polyamine. The hydrocarbyl
substituent in such acylating agents is preferably as defined herein in relation to the nitrogen
containing species (i) of the quaternary salts.

20

Amino compounds useful for reaction with these acylating agents include the following:

(1) polyalkylene polyamines of the general formula:

(R),N[U-N(R®)] R

25  wherein each R® is independently selected from a hydrogen atom, a hydrocarbyl group or a
hydroxy-substituted hydrocarbyl group containing up to about 30 carbon atoms, with proviso
that at least one R’ is a hydrogen atom, n is a whole number from 1 to 10 and U is a C1-18
alkylene group. Preferably each R® is independently selected from hydrogen, methyl, ethyl,
propyl, isopropyl, butyl and isomers thereof. Most preferably each R’is ethyl or hydrogen. U is

30  preferably a C1-4 alkylene group, most preferably ethylene.

(2) heterocyclic-substituted polyamines including hydroxyalkyl-substituted polyamines wherein
the polyamines are as described above and the heterocyclic substituent is selected from
nitrogen-containing aliphatic and aromatic heterocycles, for example piperazines, imidazolines,

35 pyrimidines, morpholines, etc.

(3) aromatic polyamines of the general formula:
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pol yam nes. afePIN-3 amino propyl morpholine, N-3(dimethyl amino) propyl piperazine, 2-heptyl-3-(2-
15  aminopropyl) imidazoline, 1,4-bis (2-aminoethyl) piperazine, 1-(2-hydroxy ethyl) piperazine,

and 2-heptadecyl-1-(2-hydroxyethyl)-imidazoline, etc. Specific examples of the aromatic

polyamines (3) are the various isomeric phenylene diamines, the various isomeric naphthalene

diamines, etc.

20 Many patents have described useful acylated nitrogen compounds including U.S. Pat. Nos.
3,172,892; 3,219,666; 3,272,746; 3,310,492; 3,341,542; 3,444,170; 3,455,831; 3,455,832;
3,576,743; 3,630,904; 3,632,511; 3,804,763, 4,234,435 and US6821307.

One preferred acylated nitrogen-containing compound of this class is that made by reacting a
25 poly(isobutene)-substituted succinic acid-derived acylating agent (e.g., anhydride, acid, ester,
etc.) wherein the poly(isobutene) substituent has between about 12 to about 200 carbon atoms
with a mixture of ethylene polyamines having 3 to about 9 amino nitrogen atoms per ethylene
polyamine and about 1 to about 8 ethylene groups. These acylated nitrogen compounds are
formed by the reaction of a molar ratio of acylating agent : amino compound of from 10:1 to
30 1:10, preferably from 5:1 to 1:5, more preferably from 2:1 to 1:2 and most preferably from 2:1
to 1:1. In especially preferred embodiments, the acylated nitrogen compounds are formed by
the reaction of acylating agent to amino compound in a molar ratio of from 1.8:1 to 1:1.2,
preferably from 1.6:1 to 1:1.2, more preferably from 1.4:1 to 1:1.1 and most preferably from
1.2:1 to 1:1. This type of acylated amino compound and the preparation thereof is well known

35 to those skilled in the art and are described in the above-referenced US patents.

A further preferred acylated nitrogen compound is one formed by the reaction of a succinic

acid-derived acylating agent having a C1 to C20 alkyl substituent with an amine, ammonia or
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sucei ni 5 carbon atoms. Fatty dicarboxylic acids could also be used. A widely used type of acylated
nitrogen compound is made by reacting the afore-described alkylene polyamines with a
mixture of fatty acids having from 5 to about 30 mole percent straight chain acid and about 70
to about 95 percent mole branched chain fatty acids. Among the commercially available
mixtures are those known widely in the trade as isostearic acid. These mixtures are produced
25  as a by-product from the dimerization of unsaturated fatty acids as described in U.S. Pat. Nos.

2,812,342 and 3,260,671.

The branched chain fatty acids can also include those in which the branch may not be alkyl in
nature, for example phenyl and cyclohexyl stearic acid and the chloro-stearic acids. Branched
30  chain fatty carboxylic acid/alkylene polyamine products have been described extensively in the
art. See for example, U.S. Pat. Nos. 3,110,673; 3,251,853; 3,326,801; 3,337,459; 3,405,064;
3,429,674; 3,468,639; 3,857,791. These patents are referenced for their disclosure of fatty

acid/polyamine condensates for their use in lubricating oil formulations.

35 Preferred nitrogen-containing detergents for use herein include: the compound formed by
reacting a polyisobutylene succinic anhydride (PIBSA) having a PIB molecular weight of 900 to
1100, for example approximately 1000, with aminoethyl ethanolamine or triethylene tetramine;

and the compound formed by reacting a PIBSA having a PIB molecular weight of 650 to 850,
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nono- car boxylic acids having from2 to about 22 carbon atons. In these
types of acyl ated nitrogen conpounds, the nole ratio of succinic acid to
nono- car box%h? Bitre@ancFoRtage Sleerash wisHUTesentGs suitaly FRsant in the, fuefppineqditionof t he
nonocar bex| we0sea6nddasafeet hOdnTaGode iofl Jesa aigdn ¢00@C;I)pﬁln pdéfd@ﬁl@-ﬂ@dsCthaﬁEdO pbméI anoi c
aci

acid, oleic B rzgjly Iess tﬁrel gooa&alr’rglmd}re Pref:er rmyplessdtﬁa ng‘u(Phe eral?é%) al' s anrpe nore

i somers knofl a arica
fully descr lamardostnr@r@y IPet tharNisppPnB, TZ@@'"QQ@ mt@lwgmr%mawefpmsﬁﬁeﬂ an ype

of acyl at edaRblidt 888 MeLONMHM RMitabiyi dt RBLE! of P, 165 Exdripld At el , of AM&RE 3PN 1S
the product of the reaction of a fatty nonocarboxylic acid of about 12-30

carbon atonB”8nd the afore-described al kyl ene anines, typically, ethylene,
propyl ehe or trinethylene polyanines containing 2 to 8 am no groups and

m xtures t her &fodinddd® ih dhlch rﬁB?@%aﬁ%ﬁ@%rXéénccoﬂféﬁnqg &E&ge@.ﬁ@%@eh&l’tr@a&%&’é es of
strai ght and branched chain f carb I c acids containin 30 carbon

at ons. Fatt9m8'1"‘t§%1ﬁ9f?65€vh‘?E?taéém%‘t%f&UISEPhﬁe Wi AiER. We\ﬁP%‘i’%}'o[}sed type of
acyl ated nitrogen conpound is made by reacting the afore-described al kyl ene

pol yam nes W‘I E{!ue% o%ﬁ%tl Hl(/gn relﬁ %tfér){o ;?:ﬂs%%r rﬁrﬁ%h E)gv&/%létg? éeﬁo?al @mwsltlgrq mol e

percent straight chal n”aci about to a per cent branched
chain fatty acids. Anong the comercially available m xtures are those
known wi del ?rejféiatmhmewe@deraacsofitﬁ@atge@rcie@ma@ia@h.t.v&tteme nitfoddréontintigRicpirgaticed
as a by-pro h r f S-as

descri bed i ﬁ/ﬂﬁ%gres%ﬂ s ﬁogSt%% %"e\g}%ﬁy @gngéﬁorgé%%ra% tYeggt;énghE@ i n
fatty acids ofcemmalc%mhquw@tqmt@gen Fantapiccdetargrat mrnbeat least2. Bt preferablyiey| i n
nature, for axamkatabhanihst aﬂdpr@ﬁéﬁdbfyfwwét 551 BREXPnpRCat(badit bR least 9:1. It

chl oro- 56 ealr"nlay(; b%calltqeast ?6? E)r example at least 11:1, at least 12:1 or at least 15:1. In some

embodiments the ratio may be at least 17:1 or at least 20:1.

The weight ratio of the engine cleaning additive to the nitrogen-containing detergent may be up
to 100:1, suitably up to 50:1, for example up to 30:1.

25
In embodiments in which more than one engine cleaning additive and/or more than one
nitrogen-containing detergent is present, the above ratios refer to the total amount of each type

of additive present in the diesel fuel composition.

30 In some embodiments the engine cleaning additive is present in the diesel fuel composition in
an amount of from 120 to 480ppm and the ratio of engine cleaning additive to nitrogen-

containing detergent is from 2.5:1 to 7.5:1.

In some embodiments the engine cleaning additive is present in the diesel fuel composition in
35 an amount of from 150 to 450ppm and the ratio of engine cleaning additive to nitrogen

containing detergent is from 3:1 to 15:1.



chain fatty carboxylic acid/al kyl ene pol yam ne products have been descri bed

extensively in the art. See for exanple, U S Pat. Nos. 3,1 10, 673;

3, 251, 853y020B820878@01; 3, 337,459; 3,405, 064; 3,429, 674; BCEER2068A5082857, 791
These patents are referenced for their disclosure of fatty acid/ pol yam ne

condensates for their use in |lubricati n% oil formulations. Preferred

ni trogen-containing detergents for use €rein include: the conpound for nmed

by reacting a polyi sobutyl ene succini c anhydride (Pl BSA) having a _PlIB

nol ecul ar w&l $pHte P °§'Ut§”%c5hel‘1’19(5‘e ClegRing AP & RIpISPOR itheediesiel fuglsetrPostiop in

am noet hyl et raamomtaoﬂfm 050 tar 730 ppyrh @ne tiieetatiarof regina nidarile additivp ao midrobar med

by reacti ng | ecul ar wei ght of 650 to 850, for exanple

about 750 Wlc %Séséé%?%h[ggﬁ@ é;%ﬁ’%og% ne. In each case the ratio of PIBSA to

amne is from1.5:1 to 0 9:1, preferably from1.2:1 to 1:1. The

ni trogens coms@inpidﬂ@od.ﬁfeet@gﬁ@bng;mmaprnga@mvei|§pr§wnt Rlhe/digyeematbmpssitiohen f uel
conposi tion Ofamtoh o%?rgog]g?soat%pﬁ)ﬁb é)}per arﬁ tﬁe ral‘{lo ofteﬁglne §%ar%n€%adc?‘hver nﬁng

preferably fesd nore preferably
| ess t han 20@tsipng dqbﬁPre@rérSd'l@hy“wptOtZéUOO ppm and nmost preferably | ess than
70 ppm The nitrogen-containing deter gent maybe pr esent in an anount of at

| t 1 t ab 1 t
| cast 30" ppln ST GRislaf pektar MR HeL P oAt A PEaTbA CuRE A KPR
det er geh® i sorperigsentmetéaliieactiveing @npawrtds r éhemetad dehativatiog abmaemd rknowd tal |

such det er ggpts sRii&ks ﬁv‘]“Ihe'é}t H&? &Omséﬁd' ﬁ’i@ludéa‘lfl)r \éy%’alrﬁbﬁ‘é tF?é sQMu@dVﬁQzJ@r ein
refer to parts per g ht of the total conposition. Pref erably

the wei ght PYPRY"SY °ft‘i'9é"ee%|"" &rep) Ranf fy sedndepsnsenty ﬁ‘?étemff%@BrPPE?fﬁ{% ni ng
det er gent ( wistitujed ekg@jidupioshyaftogeerast 0.5:1 , preferably at least 1:1, nore
preferably at least 2:1 . The ratio of engine cleaning additive to

ni trogen-contai ning detergent nay be at least 2.5:1 , preferably at |east
3:1, suitably at least 4:1 , Npreferably at least %:1, for exanple at |east
7:1 or at least 9:1. It may@’ | east |10 anple at least 11:1, at
| east 12:1 or at |east 15:1. InT some enbod /-, the ratio may be at |east
17:1 or at least 20:1. The weight ratio of e engi ne cleaning additive to
t he nitrogen-containing dq\ye ent may be up to 100v N,R,suitably up to 50:1,
for example up to 30: 1. 5 2

IX

Preferred metal deactivating compounds are those of formula V:

OH OH
N v
A A@
@\R( R® N

wherein R', R? and R® are independently selected from an optionally-substituted alkyl group or

20

25 hydrogen, preferably an alkyl group from 1 to 4 carbon atoms or hydrogen. R' is preferably
hydrogen, R? is preferably hydrogen and R’ is preferably methyl. n is an integer from 0 to 5,

most preferably 1.

A particularly preferred metal deactivator is N,N’- disalicyclidene-1,2-diaminopropane, and has

30  theformula shown in figure XI.



I n enbodi nents in which nore than one engi ne cl eaning additive and/ or nore
t han one nitrogen-containing detergent is present, the above ratios refer
to the towvel2oemmuer of each type of additive present i nPCh&RIBIEH32RUE]
conposition. In sone enbodi nents the engine cleaning additive is present in
the diesel fuel conposition in an anount,of from 120 to 480ppm and t he
rati o of engine cleaning additive to nif?ogencontaining detergent is from
2.5:1to 7.5:1. In sonme enbodiments the engine cleaning additive is present
in the diesel fuel conposition in an anount of from 150 to 450ppm and t he
ratio of engine cleaning additive to Ritrogen containing detergent is from
3:1to 15:1.1n sone enbodi nents the engine cleaning additive is present in
the diesel fuel conposition in an amount of from 150 to 750 ppm and t he
rati o of engine cleaning additive §0 Hltro@b ontaining detergent is from
2.5:1to 8:1. In sone enbodine t he engi ne eani ng additive is present

in the diesel fuel conpositio " ]n sﬁnumk)of N 150 to 1000 ppm and the
0 nitrogen

rati o of engi ne cl eani ng addi Al ni ng detergent is from
11:1 to 25: 1. In sone preferred—enbodi nents the di esel fuel conposition of
the present invention further conprises yg netal deactivating conmpound. Any
nmet al deactivati ng conpound known to those skilled in the art nmay be used
and include, for exanple, the substituted triazole conmpounds of figure IX
wherei n R aAdotRer peafered mubéqd € eabbivetihy cangdoend ie dhdwronfigune Bibt | onal | y substi t ut ed
al kyl group or hydrogen. I X Preferred netal deactivating conpounds are
those of formula V: wherein Rl, R2 and RS are independently selected from
an optionally-substituted aIkyI group or hydrogen preferably an al kyl
group from1l to 4 : dr I
is preferably hyd Ns preferably nethylNn is
to 5, nost prefe A particularly preferred neta
N, N - disalicycli di am nopr opane, and has
H

HO
X

10 The metal deactivating compound is preferably present in an amount of less than 100 ppm,
and more preferably less than 50 ppm, preferably less than 30 ppm, more preferably less than
20, preferably less than 15, preferably less than 10 and more preferably less than 5 ppm. The
metal deactivator is preferably present as an amount of from 0.0001 to 50 ppm, preferably

0.001 to 20, more preferably 0.01 to 10 ppm and most preferably 0.1 to 5 ppm.

15
The weight ratio of the performance enhancing additive to the metal deactivator is preferably
from 100:1 to 1:100, more preferably from 50:1 to 1:50, preferably from 25:1 to 1;25, more
preferably from 10:1 to 1:10, preferably from 5:1 to 1:5, preferably from 3:1 to 1:3, more
preferably from 2:1 to 1:2 and most preferably from 1.5:1 to 1:1.5.

20

The diesel fuel composition may include one or more further additives such as those which are
commonly found in diesel fuels. These include, for example, antioxidants, dispersants,
detergents, wax anti-settling agents, cold flow improvers, cetane improvers, dehazers,
stabilisers, demulsifiers, antifoams, corrosion inhibitors, lubricity improvers, dyes, markers,

25 combustion improvers, odour masks, drag reducers and conductivity improvers.

In particular, the diesel fuel composition may further comprise one or more additives known to

improve the performance of diesel engines especially diesel engines having high pressure fuel

systems. Such additives are known to those skilled in the art and include, for example, the
30 compounds described in EP 1900795, EP 1887074 and EP 1884556.



the forrmula shown in figure Xl .XI Another preferred netal deactivating
conpound is shown in figure Xll: XIl The netal deactivating conpound is

pr ef er ablwoppeg®né24i n an amount of | ess than 100 ppm amldTmaB2e1005e2er abl y

| ess than 50 ppm preferably |l ess than 30 ppm nore preferably |ess than
20, preferably less than 15, pref erablyzless than 10 and nore preferably

| ess than 5 ppm The netal deactivator %8 preferably present as an anount
of fromO0.0001 to 50 ppm preferably 0.001 to 20, nore preferably 0.01 to
10 ppm and nost preferably 0.1 to 5 ppm The weight ratio of the

perfor rranceSeltdbayrtbé nigsedai tanv@sition inbe inaledabn dﬁﬂﬁ/bicwablﬁsﬁngi Ssyirfefedayltye f r om

100,110, eTauE IS O 000y L Sl LLg0gR 1

preferably PF&MH 3: fazttxt 8cid ;i of sy e RICAIINIY. rVﬂ\?ereiCht% i3 2 indpRPHeRdl 2
preferabty fry’dBcBBaﬂboE gloub @f Betledn 2 érrﬁue451¢emﬁlatdmbebnmrms.hfegarbemyn nrgbude one

or nore fur comonly found in diesel
fuel s. ThesE (Y ?q%i's OHE?UCE aaéjt'ves Ialre dtesc”fegom danps 5edl spersants, detergents,

wax anti-settling agents, coI d flow i nprovers, cetane inprovers, dehazers,
st abi | i ser shépgailst fof @Joﬁ:adalmésfvﬂﬁlastypugém] BQ%‘SQ'Eha'anéHsbhérpl@,pdr’d—'&rlbé%' thah

and conduct PO 0y PRROURY &S TR AR P T Brm A S B 1P R HDRL I EF Bh iy

f urt her 1¢onpemiymatiomeitiothe eugiee cebding iadditvek nvepreeent imperdive t he per f or mance of
di esel engines especially diesel engines having high pressure fuel systens.
Such additives are known to those skilled in the art and include, for
exanpl e, t heuilBhBuAgse! et eamapslion RaEpchige gy gaditivesorgasitgrie Aergtiqepproduct
1884556. Sui bettaban & hgdroiaeyRdubbtitgtbd swmeipi@Sictdi @ aninayldé aed hydeazimn. mddlpbunde of

corrpr I si ng ﬁlsslg{gé arfe% Qgﬁgefm é&%B&@ﬂCt%gﬂrrgir@ &%@9%&,}5%,&8 gl]cginlwlag Qs

-n- butyl am | am ne oxy I C aci
fatty atvd pghygmdefsmeqsd}r?ﬁﬂualypp@wm%y where each R is a |ndependently
a hydrocarbon group of between 2 and 45 carbon atons, and x is an int eger

between 1 and 4 . Further tai | S re descri
1900795. Thiﬁl? TERET e’ ?"%%V‘*hw"%‘éﬁﬁmawgge Pgsd""%i" %lopo of ‘T? 5o |1§§Ep“? Aan | ess
t han 400 pppﬁpS@}bM I@s§§hqrhahppm or less than 10 ppm, for example down to 5 ppm or 2 ppm, when

used in combination with the engine cleaning additives of this invention.
20
Suitably the diesel fuel composition may include an additive comprising at least one compound

of formula (XI) and/or formula (XII):

(Y)a (Y)a

Ar—fL—Ar)

25 (X1)

wherein each Ar independently represents an aromatic moiety having 0 to 3 substituents
selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, aryloxy, aryloxyalkyl, hydroxy,
hydroxyalkyl, halo and combinations thereof;
30 each L is independently a linking moiety comprising a carbon-carbon single bond or a linking
group;
each Y is independently —OR" or a moiety of the formula H(O(CR12)n)yX-, wherein X is
selected from the group consisting of (CR';),, O and S: R" and R" are each independently
selected from H, C; to Ce alkyl and aryl; R" is selected from Cq to Cyoo alkyl and aryl; zis 1 to
35 10; nis 0 to 10 when X is (CR12)2, and 2 to 10 when X is O or S; and y is 1 to 30;
each a is independently 0 to 3, with the proviso that at least one Ar moiety bears at least one

group Y; and mis 1 to 100;



200 ppm and possibly less than 20 ppm for exanple down to 5 ppmor 2 ppm
when used in conbination with the engine cleaning additives of the present
i nventi orwOoSoiwe@d2y t he di esel fuel conposition may i nclpaiisBenozdizRi ve
conprising the reaction product between a hydrocarbyl -substituted succinic
acid or anhydride and hydrazi ne. Conpoungs of this type are described in EP
1887074. Preferred hydrocarbyl substitut®ed succinic acids and anhydri des
are as previously described herein. The treat rate of such additives would
typically be less than 500 ppmor |ess than 100 ppm and possibly | ess than
20 ppmor less than 10 ppm for exyhpl e dowl')Lo 5 ppmor 2 ppm when used
in conbination with the engi ne cl eaning add tlves of this invention.

Sui tably the diesel fuel conpositli k de an additive conprising at
| east one conpound of forrmula (X )" an or for la (XI1): (XI) wherein each
Ar independently represents an aronatlc jpi ety having O to 3 substituents
sel ected fromthe group consisting of a1 |, al koxy, al koxyal kyl, aryl oxy,
aryl oxyal kyl , hydroxy, hydroxyal kyl, hal o and conbi nati ons thereof; each L
i's indepsndenérbii each iArKihddpeidentt yepfe@mm iasiaa@mmccra@&@mmﬂagr bab sbngliteerdtond or
i a(CRL2) s REe fs b BB o ety BB ehr ekl Sy
2)2, O and @cquxstallaahda@bxwl@xxea@rmlomd@wewa@m Iayylwllsw edalpraneh epmighatioes C6
aIkyI and agpleor:R1 is sel ected fronnO to doo aIkyI and aryl; zis 1to 10
nis O0to 10

to 30; eache%wqg 5 'H?i%‘“ﬁ@‘ﬁ]ed‘cglf"l bk'@ F‘8'ef¥ CO”\RH’PP "f‘ﬁ%rg?ﬂ %?@OS'T%%Pd’QtorqB‘égq one

Ar noi ety begaug at | east one group Y; and mis 1 to 100; (Xl 1I)
each Y' is independently a moiety of the formula ZO- or Z(O(CRzz)n')y-X'-, wherein X' is
selected from the group consisting of (CR*,),, O and S; R* and R* are each independently
selected from H, C; to Cgalkyl and aryl z'is 1 to 10; n'is 0 to 10 when X' is (CRZ'Z)Z, and 2 to
10 when X' is O or S; y is 1 to 30; Z is H, an acyl group, a polyacyl group, a lactone ester
15 group, an acid ester group, an alkyl group or an aryl group;
each a'is independently 0 to 3, with the proviso that at least one Ar' moiety bears at least one

group Y'in which Z is not H; and m' is 1 to 100.

These compounds are further described in EP 1884556.

20
The treat rate of such additives would typically be less than 300 ppm and possibly less than 50
ppm, for example down to 20 ppm or 10 ppm, when used in combination with the engine

cleaning additives of the present invention.

25 The diesel fuel composition of the present invention may comprise a petroleum-based fuel oil,
especially a middle distillate fuel oil. Such distillate fuel oils generally boil within the range of
from 110°C to 500°C, e.g. 150°C to 400°C. The diesel fuel may comprise atmospheric distillate
or vacuum distillate, cracked gas oil, or a blend in any proportion of straight run and refinery
streams such as thermally and/or catalytically cracked and hydro-cracked distillates.

30
The diesel fuel composition may comprise non-renewable Fischer-Tropsch fuels such as those
described as GTL (gas-to-liquid) fuels, CTL (coal-to-liquid) fuels and OTL (oil sands-to-liquid).

The diesel fuel composition may comprise a renewable fuel such as a biofuel composition or

35 biodiesel composition.



wherein each Ar' independently represents an aromatic noiety having 0 to 3
substituents selected fromthe group consisting of alkyl, alkoxy,

al koxyal kyb,20twdrenty, hydroxyal kyl, acyl oxy, acyl oxyal kyCT/GB2910ms9akkoxy,
aryl oxy, aryloxyal kyl, aryl oxyal koxy, hal o and conbi nati ons thereof; each
L' is independently a |inking noiety coqﬁrising a carbon-carbon single bond
or |inking group each Y' is independentTy a noiety of the fornula ZGO or

Z(Q(CR2 2)n' é wherein X' is selected fromthe group consisting of
(CR2' 2) Z, ?ﬂe§' f”R'ZCOHWBS"I‘@"m%’r@@ﬁﬁf'r?tﬁﬁ%@h’&é’fﬂdleﬁe siiskbeqnetptien odigsel ¢ to
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group, a Iact one es g an acl ester f

aryl group; s&bver g P?@“ %@bﬁ@ﬁ&érﬁ’?ﬁ'yﬂe" topttan See‘WP F?”P\Mecoﬁ?'ww' Ghltsﬁdt“t ait

| east ong A(Jatrdimiaﬁtsynfbﬁarré‘eeabll | B3 bodRing ofs, chwno@énauea vedutabie dlsiof amoiixtdre and
1884556. The

mis1to ilr\ereof aaéx usuz\%g chnE)alcohohler1rthe %reSﬁnce ofdeﬁ_?par}/

treat rate of suc iTrves a a 00 ppm and
possibly less than 50 ppm for exarrpl e down to 20 ppmor 10 ppm when used
i n conbi nat irRa giakd) kel B&n@gmbmagIc&awsege&malgbhé&@tﬁmqa‘.odﬁelaa BRsRNGenkrYeNt i on.

The di I t ti
et r ol eum bASEET Gobrar] MOBJ Bt BRIEr GHToe RIS U 1S att
distillate buwetssed|dtegamerealdfiyerpooftenwisingi ydtopecessingesuoli af rtenHiBIOI@dess

5000C, e. 9. gdriBE bPr&RBRE: SéEIaﬁd 9ér%§a%!)n bib@bseRY 5@%%@@ @Bémé%@rqhghty
distillate or vacuumdistillate, cracked gas 0|¥ F I n any

proportion 8 Peledmdiased Hﬁ' drdrerras, |fﬂre‘?"§9‘m§'9rr%%ﬁ’f’§‘bb§lﬁ'ﬁ“?e'af§°‘{%%‘? ﬁﬂ?lvﬁge&?{’dﬁ or

cat al yti cal bis, enimekied eandndyndrketed g cdoadcothidips bs RessvablElBesdi agieby Mestd as
conposi tiony g%%/_ [conmprise non-renewabl e Fischer-Tropsch fuels such as those
descri bed as T_ (gas-to-liquid) fuels, CTL (coal-to-liquid) fuels and OTL
(oil sah®ls-to-liquid). The diesel fuel conposition may conprise a renewabl e
fuel such asha dwself fiel ceapaRAish trh®N ceprise third generation biodiesel. Third generation

biodiesel utilises gasification and Fischer-Tropsch technology including those described as
BTL (biomass-to-liquid) fuels. Third generation biodiesel does not differ widely from some
second generation biodiesel, but aims to exploit a greater proportion of the plant (biomass)

20  and thereby widens the feedstock base.

The diesel fuel composition may contain blends of any or all of the above diesel fuel

compositions.

25 In some embodiments the diesel fuel composition may be a blended diesel fuel comprising
bio-diesel. In such blends the bio-diesel may be present in an amount of, for example up to
0.5%, up to 1%, up to 2%, up to 3%, up to 4%, up to 5%, up to 10%, up to 20%, up to 30%, up
to 40%, up to 50%, up to 60%, up to 70%, up to 80%, up to 90%, up to 95% or up to 99%.

30 In some embodiments the diesel fuel composition may comprise a secondary fuel, for example

ethanol. Preferably however the diesel fuel composition does not contain ethanol.

Preferably, the diesel fuel has a sulphur content of at most 0.1% by weight, preferably of at
most 0.05% by weight, more preferably of at most 0.035% by weight, especially of at most
35 0.015%. Fuels with even lower levels of sulphur are also suitable such as fuels with less than

50 ppm sulphur by weight, preferably less than 20 ppm, for example 10 ppm or less.



bi odi esel conposition. The diesel fuel conposition nmay conprise first
generation biodiesel. First generation biodiesel contains esters of, for
exanpl e, wegetelor@4oil s, animal fats and used cooki ng f &C3/GBEhis56322m of
bi odi esel may be obtained by transesterification of oils, for exanple

rapeseed oil, soybean oil, safflower oil, palm25 oil, corn oil, peanut
oil, cotton seed oil, tallow, coconut oﬂ physic nut oil (Jatropha),
sunfl ower seed oil, used cooking oils, hydrogenated veget abl e oils_or any
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Preferably ROWEVer ti'on doés no
rise to injector deposits when the fuels are used in diesel engines having high pressure fuel

systems.

20
Metal-containing contamination, depending on its source, may be in the form of insoluble
particulates or soluble compounds or complexes. Metal-containing fuel-borne catalysts are

often soluble compounds or complexes or colloidal species.
25 In some embodiments, the metal-containing species comprises a fuel-borne catalyst.
In some embodiments, the metal-containing species comprises zinc.

The amount of metal-containing species in the diesel fuel compositions of the present
30 invention, expressed in terms of the total weight of metal in the species, may be between 0.01
and 50 ppm by weight, for example between 0.1 and 10 ppm by weight, based on the weight

of the diesel fuel.

The present invention provides a method of removing deposits from a diesel engine. In the
35 method deposits are removed such that the level of deposits in the engine decrease following

combustion in the engine of the fuel composition of the present invention.



Preferably, the diesel fuel has a sul phur content of at nost 0.1% by

wei ght, preferably of at nost 0.05% by wei ght, nore preferably of at npst
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| evel s of sul phur are al so suitable such as fuels with |ess than 50 ppm
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In some enbddiTen - contal nirng zi'nc. The
anount of netal -containing species in the dlesel fueI conp03|t|ons of the
present Preferably the method of the present invention provides an increase in power of an engine of

20  at least 1% after running the engine for 32 hours, preferably an increase in power of at least
2%, for example at least 3%, suitably at least 4%, for example at least 5%. In this definition the
percentage increase in power is measured with respect to the power output of the engine

immediately prior to running the engine according to the method of the present invention.

25 Suitably the method of the present invention provides an increase in power of an engine of at
least 1% after running the engine for 24 hours, preferably an increase in power of at least 2%,

for example at least 3%, suitably at least 4%, for example at least 5%.

Suitably the method of the present invention provides an increase in power of an engine of at
30 least 1% after running the engine for 12 hours, preferably an increase in power of at least 2%,

for example at least 3%, suitably at least 4%, for example at least 5%.

Suitably the method of the present invention provides an increase in power of an engine of at
least 1% after running the engine for 5 hours, preferably an increase in power of at least 2%,

35  for example at least 3%, suitably at least 4%, for example at least 5%.

In some embodiments the method of the present invention may provide an increase in power
of at least 1% after running the engine for 1 hour, preferably an increase in power of at least

2%, for example at least 3%, suitably at least 4%, for example at least 5%.



i nvention, expressed in terns of the total weight of netal in the species,
may be between 0.01 and 50 ppm by wei ght, for exanple between 0.1 and 10
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Preferably the nethod of the present invention provides an increase in

power of an engine of at |east 1% after running the engine for 32 hours,
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running the engine for 24 hours, preferably an increase in power of at
| east 2% f Sritablyadfist euraing|tee sngiBmcosgingalp|the atethod o8 ttheq presend investisndprelzat
| east 5% hours, the engine has a power output of at least 90% of the power output obtained when using

20 clean injectors, suitably at least 93%, for example at least 95%, preferably at least 97%, for

example at least 98%.

Suitably after running the engine according to the method of the present invention for at least 5
hours, the engine has a power output of at least 90% of the power output obtained when using
25 clean injectors, suitably at least 93%, for example at least 95%, preferably at least 97%, for

example at least 98%.

In some embodiments after running the engine according to the method of the present
invention for 1 hour, the engine has a power output of at least 90% of the power output
30 obtained when using clean injectors, suitably at least 93%, for example at least 95%,

preferably at least 97%, for example at least 98%.

An industry standard method for measuring injector fouling in modern diesel engines with high
pressure fuel systems uses a DW-10 engine according to the standard test method CEC-F-98-
35 08 (Direct Injection, Common Rail Diesel Engine Nozzle Coking Test). This method may be
used to assess whether fuel compositions fall within the scope of the present invention.

However the present invention is not limited to engines of this type.
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Suitably after running the engine according to the nethod of the present
i nventi on f &pchamodegmdiesal engines may be characterised by apertures which are tapered such that

the inlet diameter of the spray-holes is greater than the outlet diameter.

20
Such modern engines may be characterised by apertures having an outlet diameter of less
than 500um, preferably less than 200um, more preferably less than 150um, preferably less

than 100um, most preferably less than 80um or less.

25  Such modern diesel engines may be characterised by apertures where an inner edge of the

inlet is rounded.

Such modern diesel engines may be characterised by the injector having more than one
aperture, suitably more than 2 apertures, preferably more than 4 apertures, for example 6 or

30 more apertures.

Such modern diesel engines may be characterised by an operating tip temperature in excess
of 250°C.

35  Such modern diesel engines may be characterised by a fuel pressure of more than 1350 bar,

preferably more than 1500 bar, more preferably more than 2000 bar.

The present invention preferably improves the performance of an engine having one or more

of the above-described characteristics.
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traditi onal "§iRESeENt @ }ﬁ%ﬂ“ﬂ%g‘ay THIYS %p?%muéﬁﬂ gﬂ@éé’ﬂg@Cﬂﬁfer%ll""l'tﬂﬁéhea'”}?ﬁﬁbl e
fuel to be podyvi ded that can be used in new engi nes and ol der vehicl es.
Modern di esel engines having a high pressure fuel system nay be
characterised in a nunber of Such engines are typically equipped with
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some cases this may only be determined by inspection of the filter once the filter has been

removed. In other cases, the level of deposits may be estimated during use.

20
Many vehicles are fitted with a fuel filter which may be visually inspected during use to
determine the level of solids build up and the need for filter replacement. For example, one
such system uses a filter canister within a transparent housing allowing the filter, the fuel level
within the filter and the degree of filter blocking to be observed.

25

The present invention may result in removal of deposits from the fuel filter allows the filter to be
changed much less frequently and can ensure that fuel filters do not fail between service

intervals. Thus the present invention may lead to reduced maintenance costs.

30 In especially preferred embodiments the method of the present invention involves a method of
removing deposits from the injectors of a diesel engine, especially a diesel engine having a

high pressure fuel system.

By reducing the level of deposits in the injectors the present invention may reduce the need for

35 injector maintenance, thus reducing maintenance costs.

Direct measurement of the deposit levels is not usually undertaken, but is typically inferred
from the power loss or fuel flow rates through the injector. Power loss could be measured in a

controlled engine test, for example as described in relation to example 3.
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engi ne. Theepm@w@nt invention finds utility in engines for heavy duty

vehi cl es and passenger vehicles. Passenger vehicles incorporating a high

speed direct injection (or HSDI) engine may for exanple benefit fromthe

pr esent 10 nverefdramly th@ihettiod of the praspedtventidodebds taecledaged Wepssitoas mphspret-bR them

exi st betwegp @Ryt Ng parts and there have been reports of engine problens

inthe field caused by injectors sticking and particularly injectors

sticking open. Control of deposits in this area can be very inportant. The
met hod of t Mbe prESaadt id meand ineasUI@Yher @Y Bsl @Pasders diess lenglhasghaging s tagrd

| acquers Wlb Lébréfﬁ&sﬂéﬂarﬁm or body. The nethod of the present invention may

al so renpve deposits'fromthe vehicle fuel filter. The | evel of deposits in

a vehicle fuel filter may be neasured quantitatively or qualitatively. In

For older engines an improvement in performance due to removal of deposits may be

measured using the XUD9 test.

Suitably the use of a fuel composition of the present invention may provide a “clean up”
20 performance in modern diesel engines, that is deposits on the injectors of an already fouled
engine may be removed. Preferably this performance is such that the power of a fouled engine
may be returned to within 1% of the level achieved when using clean injectors within 8 hours

as measured in the DW10 test.

25 Preferably rapid “clean-up” may be achieved in which the power is returned to within 1% of the

level observed using clean injectors within 4 hours, preferably within 2 hours.

Clean injectors can include new injectors or injectors which have been removed and physically
cleaned, for example in an ultrasound bath.
30

Such performance is illustrated in the examples

Suitably the present invention may provide a “clean up” performance in traditional diesel
engines, that is deposits on the injectors of an already fouled engine may be removed.
35  Preferably this performance is such that the flow loss of a fouled engine may be increased by

10% or more within 10 hours as measured in the XUD-9 test.
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engi nes rreeta)ngameitAerﬁues,opean Uni on em ssions regul ati ons known as the "Euro

5" regul ati gns. ,hBEnik & biabis Peugeot DWLO engine using Euro 5
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The present invention further provides the use of a combination of a nitrogen containing
20  detergent and an engine cleaning additive to remove deposits from a diesel engine, wherein
the engine cleaning additive is the product of a Mannich reaction between:
(a) an aldehyde;
(b)  ammonia, hydrazine or an amine; and
(c) an optionally substituted phenol;
25  wherein the or each substituent of the phenol component (c) has an average molecular weight
of less than 400.

The present invention further provides the use of a combination of a quaternary ammonium
salt additive, a nitrogen containing detergent and an engine cleaning additive to remove
30 deposits from a diesel engine, wherein
the engine cleaning additive is the product of a Mannich reaction between:
(a) an aldehyde;
(b)  ammonia, hydrazine or an amine; and
(c) an optionally substituted phenol;
35  wherein the or each substituent of the phenol component (c) has an average molecular weight
of less than 400.

Any feature of any aspect of the invention may be combined with any other feature, where

appropriate.
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| evel achi eved when using clean injectors within 8 hours as neasured in the
DWO test. Preferably rapid "clean-up” may be achieved in which the power
I S returnedTheinveritibn will héw o further deéiveel withbsferevetio tis falpwirlge@n-limiing etaoipgesw t hi n
4 hours, pr AL hi 0 o I Dy i u eW,:
injectors oir%f ﬁ%j&g%:)%é(r)n seg\?\;}l%éﬁu%a eeﬁﬁg%_ﬁfgﬁo@glgﬁg@rgﬁ 6ﬁr§tglelalct:a %_Syge?f)%aér{lxg\é% for
exanpl e i n agetpmeusaatbe pasynt ofsfemynbipt 8y #fdee@nd sontqinipgan aatiriagent  t he
exanpl essSui tably the present invention nmay provide a "clean up"
performance_in tradigdional di l.. engi nes, that is deposits on the
i njectors oFxﬂﬂmﬁﬁFéﬁﬁﬁﬁﬁﬁﬁ;%ﬁ?ﬁ?ﬁgﬁ%é may be renoved. Preferably this
performance is such that the flow |l oss of a foul ed engine may be increased
?K 18% or m{x\r ﬁflimte ﬁ&icﬂar IhshéndFgRd avlﬁtthm%fmrﬁgnél Ns6.y, X4 8qt{hﬁn%tsﬁ\%ﬁﬂﬁ6@tk@g to a
ird aspect, o e prese i nventi.on re i s provide e use of an
engi ne- ol eafitiipats FEa 1o e Sbb ot ey el o dbr M He® hedtet ei n
t he engibe &l ¥d0angfoauadahygesaligion,sd.qortduts.onR.08 ehbivaierds) charged o\en1 bedrween:

(a) an al dehygémpér}a?urmmr@ase@%qlégﬁ 13F4 %ur@éhdal@‘b@@ételar@ﬁo(&j) an optionally
substituted phenol; wherein the or each substituent of the phenol conponent

(c) has an average nol ecul ar wei ght of |ess than 400. The present invention
further prowitdiesxdnlpde the enolaf ratio ofcdzihpdia)o amdk(b: gheadle) was yppaoximteyun 2al t
additive and an engine cleaning additive to renove deposits froma diesel

engi ne, wherein
15 Example 2 - Preparation of Additive B

A 1 litre reactor was charged with dodecylphenol (524.6g, 2.00 equivalents), ethylenediamine
(60.6g, 1.01 equivalents) and Caromax 20 (250.1g). The mixture was heated to 95°C and
formaldehyde solution, 37 wt% (167.1g, 2.06 equivalents) charged over 1 hour. The

20  temperature was increased to 125°C for 3 hours and 125.6g water removed.
In this example the molar ratio of aldehyde(a) : amine(b) : phenol(c) was approximately 2:1:2.

Example 3

25
Diesel fuel compositions were prepared comprising the additives listed in Table 1, added to
aliquots all drawn from a common batch of RF06 base fuel, and containing 1 ppm zinc (as zinc

neodecanoate).

30  Table 2 below shows the specification for RF06 base fuel.

Table 1
Fuel composition Additive A (ppm Additive B (ppm Additive C (ppm
active) active) active)
1 2100 120
2 375
3 2100 120
4 2100 120




the engine cleaning additive is the product of a Mannich reaction between:
(a) an al dehyde; (b) anmmoni a, hydrazine or an amne; and (c) an optionally
subst i t utwo 2ptoemad2s wherein the or each substituent of wPhe/qHrenalsoenponent
(c) has an average nol ecul ar wei ght of |ess than 400. The present invention
further provides the use of a conbinati \t}g of a nitrogen containing
detergent and an engine cleaning additi to renpve deposits froma diesel
engi ne, wherein the engine cleaning additive is the product of a Manni ch
reaction bef\f@s: C(ia)a B Aehngeedieph polufigroin aromaieisalysTecior RetisaRiey! and
(c) an opti Gminlnydébﬂﬂahediudremepdftﬁﬂ@isatldMTeacelbmofb@o@kolﬁmhlyl smhsitiahluye!ndie of

t he phenol i 400.
The present *rangn say i iRE oF Do SHG ARG RSE M Zpolf il sdlpinR sk igss

quat er nary AYRTEIT GQRPIAICD aa@rawmﬁw o iptragthiesig@RNteBiReai ni ng det ergent and an
engi ne cteaning additive to renove deposits froma di esel engine, wherein
the engine cleaning additive is th roguct of a Mannich reaction between:
(a) an al dehyde; (b) ammoni a, hydrazine or an am ne; and (c) an optionally
substituted phenol; wherein the or each substituent of the phenol conponent
(c) has an apgpage nol ecul ar wei ght @hid ess ti@e 400. Any healdre of any
aspect of the 1nvention may be conbined with a ot her feature, where
appropriate. The invention will now be furt hef gﬁ?’i ned with reference to the
fol | owi ng noGethneflamlreg exanpl es. I n these e%afApl e.G he EHIISRSE1EH ven in

parts per mplipna(BRM for treat gahes denggge acgdve Eniso 3675

Distillation

50% v/v Point °C 245 -

95% v/v Point °C 345 350

FBP °C - 370
Flash Point °C 55 - EN 22719
Cold Filter Plugging °C - -5 EN 116
Point
Viscosity at 40°C mm?/sec 2.3 3.3 EN ISO 3104
Polycyclic Aromatic % m/m 3.0 6.0 IP 391
Hydrocarbons
Sulphur Content mg/kg - 10 ASTM D 5453
Copper Corrosion - 1 EN ISO 2160
Conradson Carbon Residue on % m/m - 0.2 EN ISO 10370
10% Dist. Residue
Ash Content % m/m - 0.01 EN ISO 6245
Water Content % m/m - 0.02 EN ISO 12937
Neutralisation  (Strong  Acid) mg KOH/g - 0.02 ASTM D 974
Number
Oxidation Stability mg/mL - 0.025 EN ISO 12205
HFRR (WSD1,4) um - 400 CEC F-06-A-96
Fatty Acid Methyl Ester prohibited

Fuel compositions 1 to 4 listed in table 1 were tested according to the CECF-98-08 DW 10
10 method.
The engine of the injector fouling test is the PSA DW10BTED4. In summary, the engine

characteristics are:

Design: Four cylinders in line, overhead camshaft, turbocharged with EGR
15  Capacity: 1998 cm®

Combustion chamber:  Four valves, bowl in piston, wall guided direct injection



agent amount, not the amount of a formulation as added, and contai ning an
active agent. Exanple 1 - Preparation of Additive A A1l litre reactor was
char ged wohooodeey!l phenol (502. 7g, 1.92 equival ents), pariGrretonsh322

et hanol am ne (99. 8g, 0.959 equivalents) and Caronmax 20 (219.6g). The

m xture was heated to 950C and fornal dehyde solution, 36.6 wt % (166. 6g,
2.03 equival ents) charged over 1 hour. e tenperature was increased to
1250C for 4 _hours and 130g water renoved. In this exanple the nolar ratio
of al dehydefa¥e”: am H{HFT400BMEhol (¢c) was approxi mately 2:1:2. Exanple 2 -
Pr epar ati OnTG’hueAddl s2omemBt Zobrdmtre reactor was charged w th dodecyl phenol

(524. 6g, 2{}%&5‘9‘0#5%[ e”tS)COrﬁﬁ]EW aﬁ%ﬁﬁ'h ((%ptr()rqgaél g%t Qs]ho‘?eq J‘eé(,;;i”#se”ts) and

Caromax 20 m xture T or nal

sol ution, a?fvtp%séllreﬂﬁoﬁéar 3. GGG‘Oeﬁ@)I E’/féPr@*ﬂr!éS’es&ﬂé’b’&é'%i\"%\‘/%VDQ hour . The

t enper at §ir € EW@Sioh)&In@aS €6hfbrths With Blrd 19TIimEt vBRES ®héébmbilad Gith wii=@Et gaepdsted. | n
this exanple the nolar io of aldehyde(a) : am ne(b) : phenol (c) was

appr oxi mat e r‘f/athT%St %&6%& e 3 Diesel fuel conpositions were prepared
conprising the additives listed in Table 1, added to aliquots all drawn

froma comppsh |@N&fch&:&@sgﬁ§§igrﬁ Fé@}eserﬂéwe%pﬂﬂé ﬁioﬂérﬂ@uﬂep&ﬂ(ﬂ@i %e& ifecti NC
neodecanoat e fuel.

oo e S Aq Tletore e Sl Bneite etiey o POmTBE df (B P DT EoPRRh T BSEl vent )
of a pol§i sciguiremyts. sTieceamnmindeil glciemestenT ovestehiigltp rifieipgatorda desgcviton of

a polyi SObchﬁJHd’éd |ﬁ|’&lp€dg@é ﬁn@chr é;ﬁiﬁ/ mﬁés' fgﬁgptlmapmd%hé’flﬁpbﬁ"N@%e Sf ndBe,
appr oxi nat el et y yam ne m xture of aver age

conposi tion é‘ﬂb?% ’??Qt"Y'Wd"'gthdruflé)f‘?sélérF ﬁ'?? él}?é"eﬂé‘ﬁ‘faé‘ﬁ?%@ beqaghipgedan pP'BBLé? PR
Units Limt sffitieddpocddden nbax afé teaineedNuatns niption, at 8re Ehhdits® t& Ifibences that

can disturb the fuel flow, such as deposit formation in the spray holes. The presence of these

15 deposits causes a significant loss of engine power and increased raw emissions.

The test is run with a future injector design representative of anticipated Euro V injector

technology.

It is considered necessary to establish a reliable baseline of injector condition before beginning
20  fouling tests, so a sixteen hour running-in schedule for the test injectors is specified, using

non-fouling reference fuel.

Full details of the CEC F-98-08 test method can be obtained from the CEC. The coking cycle

is summarised below.

25

1. A warm up cycle (12 minutes) according to the following regime:

Step Duration Engine Speed | Torque (Nm)
(minutes) (rpm)

1 2 idle <5
2 3 2000 50
3 4 3500 75
4 3 4000 100

2. 8 hrs of engine operation consisting of 8 repeats of the following cycle

30



Density at 150C kg/ n8 833 837 EN I SO 3675 Distillation 50%v/v Point 0C 245
95% v/v Point 0C 345 350 FBP 0C 370 Flash Point OC 55 - EN 22719 Cold
Filter PIWOghrogod24- -5 EN 116 Point Viscosity at 400C moR/GB2010258323. 3 EN

| SO 3104 Pol ycyclic Aromatic % mm 3.0 6.0 I P 391 Hydrocarbons Sul phur
Content ng/ kg - 10 ASTM D 5453 Copper Carrosion - 1 EN I SO 2160 Conradson
Carbon Residue on % mm- 0.2 EN | SO 10370 10% Di st. Resi due Ash Content %
mm- 0.01 EN 1SO 6245 Water Content %mnmm - 02 EN | SO 12937

Neut r al i sat j 8P ( St|rB¥dfionci dfngige KoHPReed [d-a9d AJPMue bB2ottufer ARY dat i on
Stability ng/mi - |QoifesEN (nS6) 12205 HFRRY) VED(NmA) 110 ¢CHO0 CEC Ft 06- A- 96
Fatty Acid I\,?t Ry %ster pt “.,'58: ted—uel CORRPOTiELHORS o—4—++stedi in table
1 were tested accarding to| the CECF-98- Oé (B\Njg mathag5 The engi ne| of the
injector fouding tjgst is t hR®90PSA DWLOBTEDA?) | A 188imaf § the engine
characteris 3 CS darner 1750 (20) 62 45

4 7 3500 (80) | 212 50

5 2 1750 (20) | 62 45

6 10 4000 100 * 50

7 2 1250 (10) 20 43

8 7 3000 100 * 50

9 2 1250 (10) |20 43

10 10 2000 100 * 50

11 2 1250 (10) 20 43

12 7 4000 100 * 50

* for expected range see CEC method CEC-F-98-08

3. Cool down to idle in 60 seconds and idle for 10 seconds

4. 4 hrs soak period

The standard CEC F-98-08 test method consists of 32 hours engine operation corresponding
to 4 repeats of steps 1-3 above, and 3 repeats of step 4. ie 56 hours total test time excluding

warm ups and cool downs.

10 In the case of fuel compositions 1 to 3 listed in table 1, a first 32 hour cycle was run using new
injectors and RF-06 base fuel having added thereto 1ppm Zn (as neodecanoate). This

resulted in a level of power loss due to fouling of the injectors.

A second 32 hour cycle was then run as a ‘clean up’ phase. The dirty injectors from the first
15 phase were kept in the engine and the fuel changed to RF-06 base fuel having added thereto

1ppm Zn (as neodecanoate) and the test additives specified.

Figure 1 shows the power output of the engine when running fuel composition 1 over the test
period;

20
Figure 2 shows the power output of the engine when running fuel composition 2 over the test

period;



Design: Four cylinders in line, overhead canshaft, turbocharged with EGR
Capacity: 1998 cnB Conbustion chanber: Four val ves, bow in piston, wall

gui ded diwecbiwmejeati onPower: 100 kW at 4000 r pm Tor quePC3ZB2birved322000 r pm
I njection system Common rail with piezo electronically controlled 6-hole
injectors. Max. pressure: 1600 bar (1.6{% 108 Pa). Proprietary design by

SI EMENS VDO Emi ssions control: Confornms With Euro IV Iimt val ues when
conbi ned with exhaust gas posttreatment system (DPF) This_en%ine was chosen
as a desi gnFioesredent diEiRpwentutruh ef the aedine HF IR HElgRMEYHIRA SAvpele test

i njection dpekel engine capable of conformng to present and future

Eur opean em ssions requirenents. The conmon rail injection systemuses a
highly efficient nozzle design with rounded inlet edges and conical spray
hol es for ofPMReStions §ixndiveeE alg'lt%‘-ih%d THNS saypengste: Hohg Fase ohPRFPOSHADH retFA t h

hi gh fuet peepswas 8. Blthioved ARBHGN @etod Wasieacdiodsbsk 1hB itiMusig &nhe
efficiency,eﬁ%gugﬁgtﬁghs% qg% I8 &%ngu%g#ugonsunption, but are sensitive
to infl uenc&¥hA IR ¥TTIE® PRE PSR+t OW, such as deposit formation in
the spray holes. The presence of these deposits causes a significant |oss
of engi ne pewele Addws BerRASESLHRV BELRGFHONSen rifthd BsitcomPoditiéR 4MvEthdtdstit ur e
i nj ector desi representative of anticipated Euro V injector technol ogy.
It is consi 8&&d necessary to establish a reliable baseline of injector
conditioh before beginning fouling tests, so a sixteen hour running-in
schedul e fogxdihgielsest injectors is specified, using non-fouling reference
fuel. Full details of the CEC F-98-08 test nethod can be obtained fromthe
CEC. The coking cycle is sunmarised below. 1. A warmup cycle (12 m nutes)
accor di ng t additve O whd pepang asdgiowe: 2 . 8 hrs of engine operation consisting
of 8 repeats of the follow ng cycle* for expected range see CEC net hod

CEC-F-98-08 3 . Cool down to idle in 60 seconds and idle for 10 seconds
15 A polyisobutyl-substituted succinic anhydride (PIBSA) having a PIB molecular weight of 1000

(4021.1g, 3.27 eq) and aromatic solvent Caromax 20 (2907g) were charged to a 10 litre
reactor and heated under nitrogen to 60°C. Triethylenetetramine (398.7g, 2.7 eq) was

charged and the reactor contents heated to 155°C. Water of reaction was removed.

20 The diesel fuel compositions shown in table 3 were prepared by adding the specified amounts

of additives to RF06 base fuel comprising 1ppm zinc.

Table 3
25
Fuel Composition Additive B (ppm active) Additive D (ppm active)
5 634 195
6 567 257

Fuel compositions 5 and 6 were tested according to the DW10 test procedure described in

example 3. The power output over the test period is shown respectively in figures 5 and 6.

30 Example 5

Additive E was prepared as follows:

A PIBSA having a PIB molecular weight of 1000 (4822.4g, 3.93 eq) and Caromax 20 (3439g)

35  were charged to a reactor and heated under nitrogen to 60°C. Aminoethylethanolamine (367g,



4 .

hours engi ne operation corresponding to 4 repeats of steps 1-3 above,

repeats oVo089%624 i e 56 hours total

4 hrs soak period The standard CEC F-98-08 test nethod consists of 32

and 3

test tinme excludi RgTWEB2010M38322nd COO

downs. In the case of fuel conpositions 1 to 3 listed in table 1, a first
32 hour cycle was run using neM/injectou_ and RF-06 base fuel having added
thereto 1lppm Zn (as neodecanoate). This Tesulted in a |evel of power |oss

due to foulin

of the injectors.

A second 32 hour

cle was then run as a

c
‘cl ean up' ﬁﬁg%? Wk Eh3iped 9nd Hied8R% scontenth eriedstp r1§¥°0ph§/§ger\ﬁ§(@ct{cgbwaq n the
engi ne and tdmevédiel changed to RF-06 base fuel having added thereto 1lppm Zn
(as neodecanoate) and the test additives specified. Figure 1 shows the
power output of the engine when running fuel conposition 1 over the test
period; Fi glifedigsesfygleempagitiqns Rewrdn ighiet4 Bere PreaeA Y ALINGHER SPasiiRt AGoYNtR]
conposi t § onofadanieds tb RE0d BBk fResdnilisiig Ydpnezide. shows t he power out put of the
engi ne when runni ng fuel conposition 3 over the test period. Conpositions 1
to 3 were all tested on the sane engine. In the case of conposition 4 , a
new engi ne was used. In this case a | oie4peri od was needed to cause the
initial fouling of the engine. Thus the first cycle was extended to 48

hour s. Fig;pej%4ﬁuww_LH§_pgme' output—of the_engpme4M¥¥L4¥ﬁnﬁgg_LueL
conposi tioh 4 JVEISIPRESION: netiod. EX9MYeP 4 Additive D WL Rpared hs
foll ows: A|polyisobutyl-substituted ¢npotactive) anhydfi de ( RipBSAgtivelavi ng p Pl B
ol ecul ar yeight—of 3060402119 32z 0 and ajomaticsgpvent—Caropax
20 (2907g) |were charged to a 10 litre reactor and heated under nitrogeh to
600C. Trieflhyl enetetfanine (398. 7g, 2.78®q) was charged andd he reactpr
contents hgated to 1§50C. VAT er of reackgon was reftoved. 257

10 Fuel compositions 7, 8 and 9 were tested according to the DW10 test procedure described in

example 3. The power output over the test period is shown respectively in figures 7, 8 and 9.

Example 6

15  Additive F, a quaternary ammonium salt, was prepared as follows:

A PIBSA having a PIB molecular weight of 1000 (3794.8g, 3.07 eq) and Caromax 20 (2715g)
were charged to a reactor and heated under nitrogen to 60°C. Dimethylamino propylamine
(313.76g, 3.07 eq) was charged and the reactor contents heated to 162°C. Water of reaction
20  (50g) was removed.

The PIBSI prepared above (687.0g, 0.62eq) was charged to a 1 litre reactor with methanol
(205.999), styrene oxide (37.4g, 0.31eq) and acetic acid (18.64g, 0.31eq). The contents were
stirred and heated to reflux for 5 hours. Methanol was removed under vacuum.

25 Example 7

Additive G was prepared as follows:

A reactor was charged with dodecylphenol (277.5 kg, 1.06 kmoles), ethylenediamine (43.8 kg,
0.73 kmoles) and Caromax 20 (196.4 kg). The mixture was heated to 90°C and formaldehyde
solution, 36.6 wt% (119.7kg, 1.46 kmoles) charged over 1 hour.

increased to 140°C for 3 hours and water removed under vacuum. In this example the molar

30

The temperature was

ratio of aldehyde(a) : amine(b) : phenol(c) was approximately 2:1:1.45.



The di esel fuel conpositions shown in table 3 were prepared by adding the
specified anobunts of additives to RFO6 base fuel conprising 1lppm zinc.

Tabl e 3 Pwel2omapagi tions 5 and 6 were tested accordi ngPCo/GH2e10D8A22t eSt
procedure described in exanple 3 . The power output over the test period is
shown respectively in figures 5 and 6 . 4 anple 5 Additive E was prepared
as follows: A PIBSA having a PIB nol ecular weight of 1000 (4822.4g, 3.93
eq) and Caronax 20 (3439g[) were charged to a reactor and heated under
nitrogen to”etsse! UARPRBRYIDIVEE REREICA HPMBOSDE 7t7S Prapsred Y afeias dpiargeRfti¥hd t he
react or conteditve Fremat1@slphro adicEadditivéél te IRFO6 basedindl canpriaiag 1pemained. The di esel
fuel conpositions shown in table 4 were prepared by adding the specified
amounts of additives to RFO6 base fuel conprising lppm zinc. Table 4 Fuel
conposi t i ondhezcompgsitigivay togiedaccerding &p the PHr18iPmgeduse ¢eserisoe @8l 3pr ocedur e
describegl in exanple 3 . The power output over the test period is shown

respectively in figures 7 8 .and 9 . Exanpl e Additive F, a quaternary
anmoni um saI¥P? p?/\%eég%@b)é?ret%? B pfe%?dl '%\S/\%)wn,&]n%luﬁs "having a PI B nol ecul ar

wei ght of 1000 (3794. 8g, 3.07 eqg) and Caromax 20 (2715g) were charged to a
reactor and heated under nitrogen to 6C0C. D nethyl am no propyl am ne
(313.76g, 3.07 eq) was charged and the reactor contents heated to 1620C.
Water of reaction (503) was renoved. The PIBSI prepared above (687.Qgy,
0.62eq) was charged to a 1 litre reactor with nmethanol (205. 99qg), styrene
oxide (37.4g, 0.31eq) and acetic acid (18.64g, 0.31eq). The contents were
stirred and heated to reflux for 5 hours. Methanol was renoved under
vacuum Exanple 7 Additive G was prepared as foll ows:



A reactor was charged wi th dodecyl phenol (277.5 kg, 1.06 knol es),

et hyl enedi am ne (43.8 kg, 0.73 knoles) and Caromax 20 (196.4 kg). The

m xt ure wWa® 2bavect4t o 900C and for nal dehyde sol uti on, 3@CH/GH2980(0503229. 7kg,
1.46 knol es) charged over 1 hour. The tenperature was increased to 1400C
for 3 hours and water renoved under vacyum In this exanple the nolar ratio
of al dehyde(a) : am ne(b) : phenol (c) wasS approximately 2:1:1.45. A diesel
fuel conposition was prepared conposition was prepared by addi ng 133ppm
active addi €lAMSF and 145 ppm active additive G to RF06 base fuel
conprising 1 ppm zinc. The conposition was tested according to the DWMO

procedure descriyb I X 3 he ry . OV e od is
shown in fiSUreklgg%%giﬁsﬂﬁﬁkﬁgﬁﬁ?ﬁ%% ggﬁr%ﬁ%%#LSM@gﬁQ@%t@Qﬁ?%ﬁgﬁm ﬁg%el
engi ne, the net AYBPUSHIGHNI BF RGIED POEISTS Atf! icAMPIRlioR (fgMAESING 8 €8@Ne Flganing
conposi t §on conpdditiveN@hétin @RY eRfine bieaigngidaieiid théSprodMie bEh IMdnARh e8gtice

cl eani ng additig&wgéTthe product of a Mannich reaction between: (a) an

al dehyde; (b) ammoni a, hydrazine or an am ne; and (c) an optionally
substituted phef®l ; awkeswilei t he or each substituent of the phenol conponent

(c) has an average pRhesH!rgbrayid &hih #find 85 than 400. 2 . A net hod
according to claim 1l wherein c nent (b) is a polyethyl ene pol yam ne
havi ng from 2 t&)8 ﬂ?&gﬁaiﬁsﬁF@ﬂéapgﬂpLA met hod according to any preceding
cl ai mwherein the engine cleaning additive is present in the diesel fuel
conposi tion in AReBAMMEY: bh &lbstiteas br RO BRFol ébmpoﬁérﬁ'ﬁ%) RedaRe e diniikcLigr any
precedi ng clai mwherein the diesel fuel conposition further conprises a
quat er nary ammolPigrhossrt thayi% i ve forned by the reaction of a nitrogen
cont ai ni ng species having at | east one tertiary am ne group and a
gquarterni zipg a - C I j %$@ I It rogen
cont ai ni ng gpecggg&@%ﬁ%?PgﬁgﬁL?ﬁﬂ“?h@péggggpgﬁ“%ég%ﬁ%? 0 QQE&BBQ§NMhé
hydr ocat byl - sub82vngdtoat? R&ylittegpmeioRgent and a conpound

3. A method according to any preceding claim wherein the engine cleaning additive is

present in the diesel fuel composition in an amount of at least 30ppm.

20 4. A method according to any preceding claim wherein the diesel fuel composition further
comprises a quaternary ammonium salt additive formed by the reaction of a nitrogen

containing species having at least one tertiary amine group and a quarternizing agent.

5. A method according to claim 4 wherein the nitrogen containing species comprises:
25
(i) the reaction product of a hydrocarbyl-substituted acylating agent and a compound
comprising at least one tertiary amine group and a primary amine, secondary
amine or alcohol group;
30 (i)  a mannich reaction product comprising a tertiary amine group; and
(iii)  a polyalkylene substituted amine having at least one tertiary amine group.
6. A method according to claim 4 or claim 5 wherein the quaternising agent is selected
35 from dialkyl sulphates, benzyl halides, hydrocarbyl substituted carbonates hydrocarbyl

epoxides in combination with an acid, or mixtures thereof.

7. A method according to any preceding claim wherein the fuel composition further

comprises one or more nitrogen-containing detergents.



conprising at |east one tertiary am ne group and a primary am ne, secondary
am ne or al cohol group; (ii) a mannich reaction product conprising a
tertiary woizomw/greap; and (iii) a polyal kyl ene substi t uret/Gazeshiei ng at

| east one tertiary amne group. 6 . A nethod according to claim4 or claim
5 wherein the quaternising agent is sele%ted from di al kyl sul phates, benzyl
hal i des, hydrocarbyl substituted carbonates hydrocarbyl epoxides in
conbination with an acid, or mxtures thereof. 7 . A method according to
any precedi ig cPEFRAUASFAFIAT torrim d &yheresripd 8iregrrorigintnd dpterasais fredeachione or
nor e ni trogen- cprotiadt bi anigydebesrdylgabdtisitdd carbxyie bkio deytatispagdntandtan aalirgl m 7
wherein the nitrogen-containing detergent is the reaction product of a

hydr ocar byl - substituted carboxylic acid acylating agent and an amne. 9 . A
met hod accoPdi n§ Metheth PCeyErei AEY EresPaveEneieteie eulip! emRRsEiPR ifginer
further gonpri sesmptisées mbtaf@chivatididom@od@npound. 10. A net hod according to
any preceding claimwherein the diesel engine has a high pressure fuel
system 11. A nethod according to any preceding clai mwherein after running
t he engi ne flor 24metberd gcqotingetoi anyapreteding ecigie Whergio ier diesel poginohasnie highst

3% 12. A net hogegspofubishdeth0 any precedi ng clai mwherein the diesel fuel
conposition conprises fromO.1 to 10ppmof a netal containing species. 13.
A diesel fuel conposition as described in any preceding claim 14. The use
of an eh@i nél.cl danéthy awtdiding\vie anp preseding cldiepabkéreis afteronmaingl iteseriginerfgi 2ve,

wherein the engpfigs fbRabhdibasddiil boiRr biplteatdl0isgt of a Mannich reaction
between: (a) an al dehyde; (b) anmoni a, Rydram ne or an amne; and (c) an

optionally substituted phenol; wherein the or each substituent of the
phenol conponent hethodhascading e raag eprevetieg Wisn wiergiih ttheofdiekesfaelt bampodibiéh

comprises from 0.1 to 10ppm of a metal containing species.
15

13.  Adiesel fuel composition as described in any preceding claim.

14. The use of an engine cleaning additive to remove deposits from a diesel engine,
wherein the engine cleaning additive is the product of a Mannich reaction between:
20 (a) an aldehyde;
(b)  ammonia, hydrazine or an amine; and
(c)  an optionally substituted phenol;
wherein the or each substituent of the phenol component (c) has an average molecular
weight of less than 400.
25
15. The use of a combination of a quaternary ammonium salt and an engine cleaning
additive to remove deposits from a diesel engine, wherein the engine cleaning additive
is the product of a Mannich reaction between:
(a) an aldehyde;
30 (b) ammonia, hydrazine or an amine; and

(c) an optionally substituted phenol;

wherein the or each substituent of the phenol component (c) has an average molecular
weight of less than 400.
35
16. The use of a combination of a nitrogen-containing detergent and an engine cleaning
additive to remove deposits from a diesel engine, wherein the engine cleaning additive
is the product of a Mannich reaction between:

(a) an aldehyde;



15. The use of a conbination of a quaternary ammonium salt and an engi ne
cleaning additive to renove deposits froma diesel engine, wherein the
engi ne clweanorgaadi tive is the product of a Mannich re&CriGBroatsoEen: (a)
an al dehyde; (b) ammoni a, hydrazine or an am ne; and (c) an optionally
substituted phenol; wherein the or each 4Zubsti tuent of the phenol conponent
(c) has an average nol ecul ar wei ght of I'ess than 400. 16. The use of a
conbi nati on of a _nitrogen-containing detergent and an engi ne cl eani ng
additive to renfle %EB@?’t'ﬁ’drﬁF'Wré‘”(ﬁ"@?éP”Ogngi ne, wherein the engine
cl eani ng addi ti wg i an dhienglly eahsdtutedfphenolyinni ch reacti on between: (a) an
al dehyde; (b) a LAZI - 1 ne; j I
substituted phgﬂ;gf}%lﬂ%eg%%fﬁ;%%gt'tg%m gggﬁg@%ﬁ%rs%oﬁbgg%n? z%? Qst %ggdgﬁ%%ﬂ a(ecc glr%onent
(c) has an aver #gentighleectipafO0ei ght of | ess than 400.
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